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TIME AND MOTION STUDY. 


Paper presented to the Institution, Birmingham Section, 
by W. Wilson. 
Introduction. 


PROPOSE in the time at my disposal to give a broad outline 
I of the origin, the development, the practice and the uses of 

time and motion study, and to show that it is one of the most 
essential functions in the management of any business run on modern 
lines in a competitive world. 

Time and motion study is sometimes looked upon as an expensive 
fad, expecially by small firms, and yet it is impossible to do any job 
well, no matter what it is, without giving some thought to how it is 
done and the time it takes. It is a logical step from this, to conclude 
that to give specialised and intensive study to all activities of a 
business, will be a paying proposition. 

For instance it would be a poor man, who having no other duties 
to perform, could not justify his salary by increasing the output 
per operator, in a concern employing no more than 200 employees 
with an annual wages bill which might vary between £15,000 
and £40,000 per year, especially, if the product varies continually. 


Development. 


Taylor, of the Bethlehem Steel Company, seems to be the first 
man to study in a scientific manner, the problem of doing jobs in 
the best way possible, and put on record his achievements He was 
able to increase the amount of iron loaded into trucks by a gang 
of men, from 12} tons to 47 tons per day per man. 

Gilbreth was the next pioneer of note, and carried his studies several 
stages further, with the use of ordinary observation and common 
sense, and also the stop watch and camera. He really started time 
and motion study as we know it to-day. His first problem arose 
when he commenced to learn to lay bricks. He was astonished to 
find that a man would use a completely different set of motions 
when laying bricks quickly, than when working slowly, and yet 
another set when teaching a learner. In addition, the best brick- 
layers did not all use the same motions even when working quickly. 
His problem then became how to find the best method, how long it 
should take, and what should be the division of labour between 
the higher and lower paid men. Laying bricks is a comparatively 
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straightforward job compared with a large percentage of tasks 
performed in industry. It follows that the greater the complexity 
of the job, the greater is the variety of ways of doing it. 

We do not agree nowadays that there is only one best way of doing 
any particular job, but we can show that all ways except a few are 
wasteful. We can also show that most methods of doing anything 
are inferior to methods which have been developed as the result 
of careful study. 


Objects and Aims. 


Time and motion study has primarily for its object, the elimination 
of waste of human labour and effort. This embraces the use of best 
methods of working, the best methods of learning and teaching, 
and the best equipment available. It is the branch of modern 
management which is responsible for obtaining accurate infor- 
mation of all work done by a firm’s employees. A time study 
department must work in close collaboration with the design, 
costing, planning and manufacturing departments. 


Objections. 


Objections to the installation of time and motion study work are 
met with both from employers and employees. An employer having 
been in a particular business all his life may think he knows it from 
A to Z, and that to pay for a further study of his factory may be a 
sheer waste of money. This is quite a fallacy, as I propose to show. 

Employees often look upon it with suspicion or open hostility, 
as they regerd it as a speeding up process to obtain more work for 
less pay. This attitude is largely due to the manner in which the 
innovations are got over to them, to the general attitude of the time 
study men themselves, and to poor time study work. 

The chief interest of the management and workers in any concern, 
is financial. It is impossible to get a worker, as an individual, to 
see that a fair rate is in the long run more in his interest than an 
unduly easy one, but nevertheless he will work with a fair one. If 
he realises that an investigation of his job will render it such, that he 
can earn a good wage with reasonable effort, he will welcome the 
investigation provided it is done in a straightforward manner. 
There is one great stumbling block, however. Time and motion 
study will often show that a certain job can be done by a worker 
earning a lower rate of pay, that is to say, the substitution of semi- 
skilled for skilled, or a boy or girl for a man. 


What to study. 


The first problem is to decide where to start, and on what scale 
to work. It is futile to go to the trouble to make a time or motion 
study merely to speed up a job just as it is. Almost anyone can 
observe the time it takes to produce, say, 50 articles, and then 
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estimate whether the time taken is roughly correct, or whether it 
could be done in three-quarters or half the time. A time and motion 
study is definitely what its name implies, a study not a rough check 
or guess. 

A rate fixer may observe a job to take ten minutes. He may then 
inform the operator that he will allow seven minutes. That is all 
very well, and may often work out about right, but when we are 
prepared to go to considerable expense to do research upon materials, 
and to examine them closely throughout the manufacturing process, 
we are not consistent if we are satisfied with rough and ready checks 
upon human results and effort. 

Most people are usually astonished, at, and completely unaware of, 
the intricacies of an industry other than the one in which they are 
engaged. For instance, if you are brought up in an engineering 
concern you will probably be considerably surprised on going into 
a food factory, a cotton mill or a button factory at the ingenuity 
and inventiveness required there. Now each industry has its own 
particular problems as regards materials, which may not directly 
affect any other industry, but the one thing common to them all, 
is the human being, and. yet until very recent years at any rate, 
what efforts have been made to work out data, or standardise good 
practice which may be common to them all ? 

How often do you hear that a certain factory finds difficulty in 
obtaining labour of a certain class. Now, suppose that methods 
have been devised, for training and, adapting employees who have 
already been trained in their previous occupations, to use good 
motions ; how much easier is made the transference of skill, and 
the ability to accommodate labour to changing conditions. 


Briefly, ordinary rate fixing merely estimates the time an operator 
will take to do a job, leaving him to find out quicker methods 
himself, under the incentive of increased pay. Time and motion 
study work is different. A study is taken to find out which motions 
are necessary, which are not, and, what time they should take. The 
unnecessary motions are eliminated, and the operator is thus 
left to work with only the necessary motions. He has still the in- 
centive under a piece rate to increase his speed for increased pay. 


Cost of Time and Motion Study. 


It is obvious that the cost of time and motion study must bear 
some relation to the value of results it is expected to obtain from 
its use. It is of no practical value to make an exhaustive study of 
@ particular job which forms a minute fraction of a firm’s output, 
or one which will be discontinued in the near future. 

The best course to adopt, is to approach a job which merits study 
with a perfectly open mind, to size it up, and to decide upon the 
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manuer in which to tackle it. Each factory has its own way of 
bringing out a design, laying out its shops, designing its equipment, 
and deciding the methods of manufacture. A strong time study 
section will have a great influence on all these activities. The whole 
plant will tend to be time and motion economy minded. The time 
study section is called upon to supply detailed information to these 
other departments. This information must be accurate and precise. 


Time and motion study of a machining operation. 


Should no information exist concerning an operation, or if it is 
required to check or improve the operation, it will be necessary tomake 
a time or motion study, or both. In fact both are required. If the 
motions are correct, the correct time will follow, given the incentive. 


Time Study Man. 


The study must be made by a man with capabilities of a high 
order. His influence on the cost of production can be so great, that 
it is false economy to use a man who has not abilities given very 
briefly as follows : The ability to understand and deal with men of 
all grades, to get over his point, and obtain what he wants without 
putting anyone’s back up. This requires tact, perseverance, self- 
confidence, straight-forwardness, and fair dealing, a knowledge of 
manufacturing processes, the use of tools and the effort and skill 
required in manual labour. An inquiring turn of mind, inventive- 
ness, the capacity to think accurately, tc take in detail, to avoid 
jumping to conclusions, and to approach a problem with an open 
mind and form a sound and considered judgment. 


Approach Foreman. 


If there is more than one operator on the particular operation, 
the next consideration is which to study. As the best method is 
required it follows that the best operator should be studied. This 
may lead to a sense of grievance among the operators, but adjust- 
ments can easily be made in times for slower workers. An operator 
of abnormal strength, a nervous one, or one who wants to work at a 
killing pace as though agitated or frightened, should be avoided. 


Position of a Time Study Man. 


The time study man having chosen the operator he wishes to 
study, has a word with him about what he proposes to do, and then 
places himself in a position where he can observe to the best advant- 
age, without hindering or altering the job from its usual course. 

It certainly looks better if the time study man stands up whilst 
making and recording his observations, but should the study for 
any reason last several hours, nothing is more tiring than standing 
in one position. It is completely different from standing in one 
position operating a machine, or working at a vice, where the weight 
is shifted from one foot to the other, and the muscles are in action. 
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It is not so easy to maintain alertness or record information when 
standing, as it is when sitting. 

The time study man watches one or more complete cycles of the 
job, and decides upon the most useful method of splitting it up for 
timing purposes. 

Time Study Equipment. 

The equipment required is a pad of suitably printed time study 
forms, two stop watches, an ordinary pocket or wrist watch, and, 
of course, a pencil. Both watches are held in the left hand. The 
large hand of each watch makes one revolution per minute. The 
scale is graduated into sixty seconds and each second is divided into 
five, so that it is possible. to record times to an accuracy of one 
three-hundredth of a minute. In addition, each watch has another 
hand and scale, very similar in size to that of the second hand on 
a pocket watch. This hand records the number of complete minutes 
elapsed. The scale is usually divided into ten, thirty, or sixty 
minutes per complete revolution of the hand. 

Some users prefer to use watches the large scale of which is grad- 
uated into hundredths of a minute, instead of sixtieths of seconds. 
This eliminates a small amount of calculation in reducing minutes 
and seconds all to seconds, but has the disadvantage of having its 
smaller units different from the usual standard in common use, 
namely, the second. 

The watches are identical, except for their manner of starting, 
stopping, and re-setting. One watch is started and stopped by 
pressing a small projection on the right hand side of the case. The 
other watch is started and stopped by pressing the knob at the 
top, the hands being reset at zero by pressing a button situated on 
the left of the winding knob. The hands are reset at zero by pressing 
the knob. Both watches lie in the palm of the left hand. To operate 
watch No. 1, the third finger of the left hand is used to start and 
stop, and a finger of the right hand to reset. 

To operate watch No. 2, the thumb of the left hand is used, to 
slide the starting and stopping button to and fro, and the index 
finger of the left hand is used to reset. The advantage of this arrange- 
ment is that the right hand is required once only in every two 
readings, making it possible to record readings as small as two to 
three seconds, provided that each small reading is preceded and 
followed by one of at least eight to ten seconds. 


Splitting up the job to study. 
All jobs can roughly be divided into: Prepare, Do, and Clean 


up. 
In the case of a casting machined singly on a machine, ‘‘ Prepare ” 
will include transferring the casting from a dump or conveyor to the 
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machine and securing in a jig. “ Do” will consist of the actual 
machining, in fact the real work done on the casting. “Clean-up ” 
consists of removing the job from the machine, gauging, inspecting, 
removing swarf, etc. This is one cycle of operation. 

In addition, there will be certain other items such as attention to 
tools, personal allowances, and any other interruptions. The cycle 
would probably be split up for time study in the following 
manner :— 


(1) Transfer from conveyor to jig fe on a 5.44 secs. 
(2) Locate and secure in Tig nt a ami << a 
(3) Drillholes _... 27.68 ,, 
(4) Change drills to reamers and ‘change speed of 
machine... ‘ 41.66 ,, 
(5) Ream holes ... 44.58 ,, 
(6) Change reamers to ‘drills, ‘and change speed 0 of 
machine... 34.92 ., 
(7) Remove casting from ie ae tue ws Meet ge 
(8) Remove swarf a bee aie ae <<. « ee a. 
(9) Gauge... PM ee Fai te ‘vs Bet 4.50 ,, 


Making out Sheet. 

Having decided upon the manner in which to time the job, the 
time study man makes out his sheet, writing in the various headings, 
leaving sufficient space between each heading to make sufficient 
entries. As soon as a new cycle commences, one stop watch is started, 
and the ordinary time by the wrist watch or shop clock is noted and 
entered on the sheet. At the instant that the machine operator 
changes, say, from transferring from conveyor to jig, to locating 
and arranging in jig, the first watch is stopped and the second started. 
As previously stated, one watch is stopped and the other started 
with the thumb and third finger of the left hand respectively. This 
can be done simultaneously, allowing no time to elapse between the 
finish of one reading, and the commencement of the next. Should a 
time be missed it is omitted from the sheet, a guess being worse 
than usless. In fact it is not necessary to record every item, al- 
though it is preferable to do so. 

The machine times should come out quite regularly and can be 
checked up by working out the speed and feed used. Any undue 
variation should be accounted for, and a written comment entered 
on the sheet. 

The handling times will most likely, in fact almost certainly, 
vary much more. It is astonishing how timing the job in this 
manner assists the observer in picking out slow and unnecessary 
movements. The operator may introduce unnecessary motions or 
work, in order to obtain a better piece rate. Should these times 
work out fairly regular, it can be taken as indication that the operator 
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is using his normal actions and speed: If he tries to slow them up, 
he is unable to keep them regular. 


Skill. 


Effort requires very careful judgment, especially when an operator 
is under observation for a definite purpose. such as rate setting. 
Care must be taken to allow for any nervousness on the part of an 
operator. By nervousness, it is not intended to convey the idea of 
fright, but the common failing of an operator, or of anyone else, 
to fail to do himself justice when being watched. Once a time study 
system has been installed and used regularly in a factory, operators 
become familiar with it and are not incommoded by being observed. 
Here again the grades of effort depend upon the observer’s power 
to recognise, and differentiate between them. It is comparatively 
easy to distinguish between bad, poor, average, good and killing 
rates of effort. 


Fatigue. 


Next for consideration comes fatigue. <A lot of careful and exact 
study has been made of the physical fatigue sustained when making 
simple motions. Motions using the hands, arms, body, and legs 
are more complex. 

It is now possible to definitely establish as far as physical fatigue 
is concerned what periods of rest are required between certain 
operations and when they should be taken. Considerable research, 
consisting of observed experiments and the taking of blood tests, 
etc., have put the study of physical fatigue on a scientific basis. 
The chief problem is to apply it in a works employing employees 
whose physical characteristics vary widely. 

The field of mental fatigue, and its effect on physical fatigue, is 
much more difficult, and as yet is hardly touched. It is extremely 
difficult to determine the effects of the mental effort require1 to do 
any particular job. The intricacies of an operation may act as a 
relief to one man assisting to retain his interest and keep hnn keen, 
whereas they may bother another man to an extent sufficient to 
produce excessive fatigue. 

The condition of a man’s eyesight, his genera) health, how and 
when he takes his leisure, the food he eats, all have an important 
bearing on bis capacity to withstand fatigue. 

It is well known that generally speaking girls object less to 
repetitive work than men. An operator’s output will drop if it is 
so deadly monotonous that he can take no interest in it. Several 
firms have found it possible to employ large numbers of girls in 
perfect contentment on operations taking no longer than ten seconds. 
which are repeated with very little variation all day, day in and day 
out. The operations have been made sufficiently simple as to be 
practically automatic, leaving the operator’s mind free to dwell on 
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any particular topic that interests them. Conversation, and in 
some cases even singing, is permitted. The height and type of work 
bench and seating accommodation are made the subject of careful 
study. Good lighting, ventilation, and heating are provided, and 
noise as far as possible is eliminated. 

Now this side of works management is always advocated in techni- 
cal literature, but its practice is not as yet as general as it should be. 
If only executives would always appreciate that poor factory 
conditions affect output just as much as a stuffy ill-lit office will 
affect their own activities, the extra thought which would be given to 
this subject would be repaid handsomely. It does not involve 
heavy expense to provide luxurious conditions, but common sense 
and foresight in laying out factories and plant. 

General orderliness of the shop, the avoidance of irritating delays, 
waiting for materials and inspection, all tend to reduce fatigue, 
as well as increase output. All these points can be noted while 
making a time study. It is sometimes brought to light that the 
general planning of the work has far more bearing on the output 
of a particular operation than the operator’s capacity for doing it. 

Roughly, it may be taken that for repetition work demanding 
average skill and effort, the rate of work will vary throughout the 
day as follows. Take the rate of work at the commencement of the 
working day at 8-0a.m.as 100. At 9-0 or 9-30 a.m. it will have risen 
to 120, from which it will drop fairly uniformly to 95 just before 
the midday break. After the break it will commence at 105, rise to 
115, in an hour, and then drop steadily to 85 at the end of the working 
day. This of course is an average condition, and individual workers 
will fluctuate very much more widely. With machine work the 
machine itself has a very large influence on the fatigue curve. It 
tends to flatten out the curve, and make the rate of production more 
nearly uniform throughout the day. 

Having observed sufficient cycles of the operation, the time study 
man finishes the study and makes a note of the clock time. The 
machine speed of course must be checked and noted. A complete 
record of the work done with each hand should be made on the back 
of the sheet and if possible set out in chart form. 


Checking through study. 


The time study man then returns to the office, goes through the 
study, eliminating unnecessarily long times, and sometimes question- 
ably short ones, works out the overall time and passes the study 
to a comptometer operator, to work out the remainder. The study 
is then ready for analysis. Each increment of the operation is 
entered in chronological order. Allowance is made for too! setting 
personal allowances, fatigue, and unavoidable interferences. The 
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daily output can be arrived at by dividing the total time per oper- 
ation into the working day. 


Use of Studies. 


This record is now available for a variety of uses. It can be seen 
definitely whether it is possible for the operator to work another 
machine, what economies would be effected by installing a machine 
to do the reaming only, and whether the handling time allows for 
much improvement. The increments of the job should be compared 
with existing records to avoid discrepancies in performance. For 
instance, if it takes twice as long to remove the swarf and clean the 
jig as on a similar job, either the jig is hard to clean or the operator 
is spending too much time on it. 

Should it be decided that the job calls for a revision of method, 
a further study will be required when the method is changed. When 
it is decided to bring out a new product and time does not permit 
the taking of many studies, the value of detailed studies taken on 
other work at once becomes apparent. There is no need to.do any 
guessing, the times for the new job being built up on data which 
has already been found correct. , 

The time study man should also be ready to pass an opinion on, 
or make suggestions regarding the suitability of the machine and 
equipment, whether the material is supplied in suitable form and 
to the right position. In fact, as a result of his study he is in a 
unique position to recommend improvements, and should record as 
much as possible on paper. 


Working more machines. 

Suppose it is required to ascertain whether a man working three 
machines can economically work four. Take as an example a man 
working three refining machines. The study will be taken in a 
similar manner to that used when observing an operator working 
one machine. 

The heading probably would be as follows: Feed hopper of 
machines ; attend hoppers usefully ; attend hoppers unnecessarily ; 
attend delivery bins usefully ; attend delivery bins unnecessarily ; 
weigh bins ; incidental work. 

The operator will very naturally try to show that working three 
machines keeps him fully occupied. He may poke about in the feed 
hoppers quite unnecessarily. The time study man must distinguish 
between necessary and unnecessary work. The final study will 
show whether he .has time to work another machine or not. A 
check on the outputs must also be made. A study of this kind may 
last several days or even longer. This method of deciding how many 
machines a man shall work is much sounder than just telling him to 
work four, and leaving him to get on with it. 
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Assembly work. a 

The taking of a time study of assembly work is substantially the 
same as for machine work. That is to say that the observer’s 
equipment is the same, and he studies with the same objects in 
view. Assembly work varies from a worker sitting down at a bench 
assembling small parts together to complete a switch or a propelling 
pencil, to a crew of men assembling a large machine or engine. 

Take, first of all, a worker sitting down at a bench. It is quite 
possible and-actually is very often the case, that obtaining the 
various parts from the respective trays, or piles, occupies far more 
time than putting them together. The job should first be studied. 
to make the arrangement of the supply trays such, that the werker 
does not have to stretch or alter the position of the body. Trays of 
each different article should always be kept in exactly the same 
place, so that finding them should be automatic, without fumbling. 
Where p»ssible it is good practice to have both hands reaching out 
for sipplies at the same time. The trays themselves should be 
shallow enough to avoid awkward dipping-in motion, and should 
als> ba tilted so that the parts slide to the front. 

You will all be familiar with boxes of assorted chocolates. Choco- 
lates cannot be tipped into a bin after the manufacturing processes 
but must be put in trays of one layer only. These trays are usually 
about 2 ft. by 16in. and about 1}in. deep. If a girl is packing a 
box of, say, 12 kinds of chocolates, she will require 12 trays 
to pack from; one of each kind. It is obvious that she could 
not sit down to the job or even stand in one place, if the trays 
were spread out flat on a bench. It is, however, possible to arrange 
the trays in front of her in a semi-circle on a special rack having, 
say, four tiers, each holding three trays. The trays are inclined so 
that the chocolates slide to the front. The girls can thus reach each 
tray with the minimum effort, and in the minimum time. 

All motions should be reduced to the simplest form. To do manual 
work the simplest form is that done with the fingers only. Next 
come in their respective order motions involving fingers and, wrist, 
next fingers, wrist and forearm, then fingers, wrist, forearm. and 
upper arm, and then motions using fingers, fore and upper arm, and 
other parts of the body. It is obviously less tiring to work with the 
fingers only, than with the whole body. It follows that, where 
possible, a job should be done sitting down with the chair and bench 
at correct heights, to give an easy, natural posture. Being seated 
also allows the feet to be used to operate pedals, This is especially 
useful in press work, frazing on drilling machines, and a great 
variety of similar work. 

Both hands should be doing useful work at the same time. 
Neither one hand nor the other should be used merely for holding 
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a part while the other hand screws something into it, etc. It is 
possible in most cases to provide a jig, or rearrange the job, so that 
holding in position is either done by the jig or is eliminated 
altogether. 4 

One still comes across a single spindle drill being used to fraze 
small parts. I saw in a book, the name of which I am unable to 
call to mind, that by studying this type of work it had been possible 
to reduce the time necessary to do it to approximately a quarter of 
the original. A two spindle machine was provided. The operator 
took two parts, one with each hand, from two bins, placed one on 
each side of his sitting position. He placed them on simple jigs 
and brought the drills down to them with a foot pedal. During the 
actual frazing, he was obtaining two more parts from the supply 
bins, He brushed the frazed parts off the jigs with his fingers and 
placed two unfrazed parts in their place. The frazed parts brushed 
off the jig fell down a chute into a bin. With this method each hand 
did identical work, thereby doubling the output, and in addition 
each hand was obtaining a fresh part while the actual work was in 
progress. No mingling of frazed and unfrazed articles was possible 
and the cycle of work was simple and automatic. 

The time study man with stop watch experience can see if the 
methods used, are good or bad, and what improvements can be 
made. He can see if the working position and arrangement of the 
job is correct or not. 


Timing Assembly Work. 


He will approach the job as stated before, watch a few cycles of 
operations, and make out his sheets. He will split up the job for 
timing in the most useful manner and proceed to record his times. 

When observing a box of chocolates being packed, it is impossible 
to record the time taken to place each chocolate in the box. It 
is, however, possible to record the times taken to place the box in 
position and prepare it, to pack each layer, to finish it off, close it 
and stack it on a pile. In some cases it may only be possible to 
time groups of, say, five articles being packed. This, however, 
assists in forming an opinion upon the motions used and, forms a 
successive series of checks on the times taken and the motions 
used. 

As well as recording the times of the job, it is necessary to record. 
on the back of the sheets, or preferably on a different sheet alto- 
gether, a full description of the job and the work done by each 
hand. This is most important. It is best to make this out in chart 
form on a sheet with horizontal lines ruled across it, the space 
between each horizontal line corresponding to a definite time. 
The time occupied on each task by each hand is recorded vertically. 
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The left half of the sheet is devoted to the description of the work 
done by the left hand, and the right half of the sheet to the right 
hand. 

If the observations are recorded by stop watch, it may only be 
possible to give the descriptions of the work in correct sequence, 
the actual times not being recorded. This chart is known as a Simo 
Chart, that is a chart showing simultaneously the work done by 
both hands. This provides a picture of the job, so that it is 
possible to determine whether both hands are usefully employed. 
Most people tend to be one-handed. This is not the result of inborn 
preference, but a habit acquired right during youth. With proper 
training and practice, it is possible to use both hands equally well. 
The time study is worked out by comptometer, and the analysis 
sheet made out in a similar manner to that given for a machine 
job. 


Timing large assembly work. 


Time studies of larger jobs such as assembling a gear cutting 
machine, or a motor car engine, are especially useful in order to 
get the correct sequence of adding each part. After having made a 
study of an existing method of assembly, a definite record is avail- 
able of how all parts are fitted and how long it takes. Some engineers 
consider the process reversed. That is to say, they take a machine 
to pieces, note the order in which the parts come off, and exactly 
reverse the process in order to rebuild it. Where more than one 
man. is working on the machine erection, and definite tasks are 
allotted to each, it is absolutely essential to apportion their work 
out correctly to avoid one holding up all the others. There is no 
accurate method of obtaining this information except by. time 
study. 


Timing conveyor assembly work. 

On conveyor assembly work, where a composite article moves 
down the conveyor past assemblers, who each have a certain work 
to do, the article progresses at the speed of the slowest man or the 
longest job. All jobs should therefore take exactly the same time. 
Time study will assist in determining the correct length of each job, 
so that the work can be apportioned out correctly, while motion 
study will guide the arrangement of the job itself. 


General Summary. 


Summarising the foregoing ; with the stop watch we can take a 
detailed study of any type of work. I have given an example of a 
machine job, and a bench job. As you can see there is very little 
difference between the method of taking the one or the other. It 
is essential, in both cases, to split up the job correctly for studying 
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and then to record the times accurately. This method of procedure 
can be adopted for all types of studies. The arrangement of the 
studies may be different, but the manner of studying is the same 
whether the work observed is in an office, machine or assembly 
shop or a warehouse. 

It is the examination of the job in detail, timing each part and 
observing the motions used that is so valuable. 

If you are timing a job, and one particular part is taking 12.2, 
14.6, and 13.8 seconds, and then you get a time of 18.2 seconds 
you can immediately account for it. You will compare the motions 
used, to get the best times with those used to get the slower ones. 
As you observe the job, watches in hand, waiting to record the 
time, you learn after one or two cycles what to expect. You 
recognise a bad motion as soon as it is made, just as you recognise 
a wrong note in a tune that you happen to know. 

Although watching each motion, we are unable to record them in- 
dividually, we have to be content with recording groups of motions. 
There is also the disadvantage that the motions are rapid, and once 
they have taken place, one has only the assistance of memory 
when considering their merits. 

The camera must, therefore, be used to observe and record 
elements of motions. This branch of motion study is called micro 
motion study. 


Micro Motion Study. 

To-day many people have motion picture cameras for their own 
private use. A camera of this nature is all that is absolutely neces- 
sary for micro motion study. 

The camera may use a 16 mm. or a 9 mm. film. It is useful to 
be able to take a slow motion film. The number of pictures or 
frames that the camera is capable of taking should be between 16 
to 30 per second. 

There is nothing outside the technicality of ordinary photog- 
raphy in taking a micro motion film. The same essentials of good 
lighting, etc., are just as important. Any of the best-known photo- 
graphic apparatus manufacturers will demonstrate a camera and 
projector without any hesitation, and the films can be developed 
by them. 

When taking a film of a job, it is desirable to place a special clock 
in the field of vision, so that the times of the motions can be re- 
corded. The pointer or hand of this clock should make 20 revolu- 
tions per minute, and the dial should be divided into 100. 

It is the examination of the film that requires the skill or know- 
ledge. Gilbreth divided all motions into approximately seventeen 
different elements which he called, therbligs. Time will not permit 
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of a discussion or examination of them now, but the same principle 
of treatment holds good as when making a study with watches, 
namely, the reduction of all times and motions, to as small elements 
as can be measured and differentiated. From a film a correct 
method is worked out, and taught to the operator. 


Teaching. 


The value of a film for teaching learners is very high. The 
actual motions can be taken one by one, observed and learned. 
The beginner is then imbued with the idea of economy of motion 
at the commencement of industrial life. 


Rate Setting 

To provide the incentive to maintain high outputs some form 
of payment by results is required. A rate should be set from an 
actual study of the job or from data obtained from other studies. 
A shrewd estimate is very definitely not good enough. The rate 
can be set from the information given on the time study analysis 
sheet. The method of payment should be that which produces 
an article for the lowest cost, taking everything into account, 
including overheads. 

At one end of the scale there is a flat rate plus a bonus, approxi- 
mating to, say, 10% of the flat rate, and at the other there is the 
differential piece rate with which the higher the output the higher 
is the rate of pay for each article. 

With girl or boy labour, a small bonus is of very little use. Out- 
puts will often jump 50% when changed from a 10% bonus to a 
straight piece rate. If overheads are very high, it may be advisable 
to offer a large inducement in the form of a differential rate for ex- 
ceptional effort or skill. A collective rate for a group of workers, has 
the drawback of paying the same amount to a fast, as to a slower 
worker, with the obvious result of diminished effort of both, and 
from pay records, the slow or fast workers cannot be singled out. 

For general purposes, machine and assembly work, the straight 
piece rate, based on a time or a money basis, is the best. That 
is to say a worker receives the same amount of pay for each article 
he produces, no matter how many or how few he does. It is, 
however, essential to fix the rate correctly, no matter what type 
it is, to avoid very high earnings and rate cutting, and the only 
way to do so is with the use of time and motion studies. 
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Discussion. 


Mr. W. G. Groocock : Our lecturer to-night has told us a con- 
siderable amount about the way a time study should be taken. 
He has also suggested why it should be taken, but there is one side 
of it which, I think, he did not quite emphasise sufficiently, and 
that was not so much from the rate-fixing as from the efficiency 
point of view. If there are a number of operations, it is practically 
impossible to get a fair time unless we do take some form of time 
study. Now, I do not think it matters much just what the form of 
the study is. There are so many ways of doing this that, just as 
Mr. Wilson has said, there is no best way of doing a job. I think 
we can say that there is no best way of taking a time study. 

In Mr. Wilson’s sample time study it looks as though he has 
taken individual times for each operation. Another time study 
artist would not do that. He would just take a running time and, 
by a method of subtraction afterwards, get the actual time of the 
operation, and be himself much more free to observe what was going 
on during the time study itself. 

My objection to Mr. Wilson’s timing is this: It seems to me 
that somebody now has got to come in and study the time study 
artist, because when we think of a man with a couple of watches 
in one hand and a pad in the other hand, and a pencil behind his 
ear, he has got something to do! With all due respect to our 
lecturer, I am suggesting it is not a matter for two watches, and I 
think that, as an Institution of Production Enginsers, some of us 
ought now to get busy and design for him one watch which would 
register, first, the operation he was considering, secondly the over-all 
time from the beginning of his study, and thirdly the difference in 
time between operations one, two, and three, etc. Taese could be 
printed on a slip of paper, and it would be a perfectly accurate 
record. I think that, if that has not been done already, somebody 
should now take a patent out on it and sell or give it to anybody 
who would like to make them. It certainly ought to be done 
because if a time study is going to be done at all, we ought to be 
accurate, and I do not think we can be when we are dealing with 
two watches and a piece of pencil, plus a writing pad, besides at the 
same time paying attention to motions made. 

That does not mean to say that that kind of time study is not 
useful. I have seen it used for a number of years, and I think it is 
most valuable, but I think the most valuable part of it is not so 
much the timing itself as the study which must be put into the 
job to cbserve what is actually happening. 
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Mr. Witson: Regarding the point raised about running times 
by Mr. Groocock, I think that, with experience and practice, one 
can get the trick of operating two watches far more easily than one ; 
that is to say, one can get the trick of stopping one watch and 
starting the other one automatically. I should give the time to 
do that as certainly not more than about three seconds. Of course, 
a watch that wculd record individual times would certainly be an 
advance, and in one way that is what micro motion study with a 
camera aims to do, but in any case I think that, as Mr. Groocock 
pointed out, the fact that we do time study assists us materially in 
noticing whether motions are right or not. If we time as a whole a 
job on a capstan lathe, we certainly see what is going on, but we 
cannot tell without some form of check later on whether the operator 
is keeping regular times and whether he is doing his work as we 
think he ought. Through splitting these times up, we are able to 
work from records on any new job that comes out, and we are avoid- 
ing having to watch a job and, say, give it three minutes and then 
cut it in half to give the time we expect it to take later on. Having 
records of what they have done on previous jobs, we can avoid 
any recurrence of unproductive times. Of course, as regards the 
skill of the operator, that is where the experience of the time study 
man comes in. It is astonishing how easily he can weigh up whether 
a man is working fast or slow when he is timing him. If you have 
only the running time you must do a series of quick subtractions to 
know how they are coming out. 


Mr. Groocock : I do not know why you should want to know 
your individual time until you have done the job. 


Mr. Witson : Let us suppose that we have readings on a certain 
operation of twelve seconds, thirteen seconds, or fourteen seconds. If 
we get the time suddenly jumping up to eighteen seconds, something 
has changed, and we are immediately aware of it. Unless you have 
the preceding times on the sheet, you may think it takes longer 
but you are not actually sure. Then again, if you have got one that 
takes an unusually short time, if you are sure about it then you 
can watch for that one when it comes again, and you will see the 
motions which are used to produce it. 


Mr. Groocock : My point is this, that the man who is taking the 
time study must, during the time he is following the sequence, 
put that time down, read it or check it, and at the same time be 
observing what the next sequence is. He has got too many things 
to do at the same time and he will be in trouble. I would suggest 
that, just as you told us that it makes a great difference to the girl 
who has her work arranged so that it is almost automatic and she 
can sing and talk and do the job, in time study work the same 
method of reasoning applies. The simpler we make it, the freer 
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will be our minds to get at those very fine points which do mean 
a saving. Whether the operation takes seven seconds or five, I do 
not think that matters at all. The clock will tell us that later on. 
If we find that during operation 5, in the seventh sequence, 
something has happened, we could put a star down at the bottom 
of our paper and afterwards check that up and see what happened, 
checked against the time. 

When you are dealing with splitting seconds, as is often the case 
in minor operations, even if you are dealing with seconds, you have 
not got much time, to subtract readings and consequently I feel that 
the running time does leave your mind very much freer for observa- 
tion. 

The film, of course, is all right, and this registers running time. 
When we think of the length of film that runs through in a time 
study covering three and a half to five minutes, it is going to take 
longer to study that film and take readings from it than to take a 
running time on your watch, enter time registered from beginning 
for each operation, and afterwards making a close analysis of your 
records of time—in the office. 


Mr. Witson : I am afraid I still think that if 1 had to pass any 
opinion on a job, to summarise the thing, I should not be in such a 
good position to do it if I was observing the job and taking notes, 
instead of recording individual times. Certainly if any method 
could be devised for saving effort for the time study man it would be 
invaluable. 


Mr. J. W. Grirrirus: I think we are in danger of letting this 
discussion run on the wrong track, we can spend a lot of time in 
trying to define the best way of timing a job. All the articles I 
have seen on this subject have developed it in a different direc- 
tion. I do not think that on an ordinary production job costing, 
say, 5s., the amount of money that might be saved by time study 
would be worth the expense and effort. 

Are we visualising a new method that is going to displace piece- 
work or payment by results, as we now know it on some of the 
larger production jobs timing operations to the last split second 
in an endeavour to accurately layout the necessary plant to produce 
any job? In other words, a manufacturer installing a plant cost- 
ing £100,000 to do certain work, rather than find that he needed 
two people to keep a machine going where there was only provision 
for one, would be well advised to spend a little more money making 
a thorough study of the job to accurately assess the particular time 
that he needs. 

I do not think that normally we are concerned with methods of 
timing jobs, because most of us know more or less what we are 
allowed to pay for a certain job, and there are usually methods of 
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getting down to the time we want. Is it the lecturer’s theory that 
we have come to a stage when ordinary piecework is abolished and 
the operator will be put on to a certain job with his wages pre- 
determined because the track output is ‘‘so many ” per hour, which 
he will have to keep up or get out ? Another point of interest to me 
was an anticipation that we were going to hear something about 
the Chronocyclograph method of time study designed, I believe, 
to study fatigue in the operator. The fatigue question having a 
very important effect in determining whether an operator can 
keep going at a certain pace on a particular operation, because if a 
machine designed for an output of 1,000 per hour, only does 980, 
there must be some explanation, either theoretical, mechanical or 
psychological. 

Mr. Witson : Mr. Griffiths raised one or two interesting points. 
He mentions a job one can pay 5s. for. -How does he arrive at that 
price? I would suggest that he has obviously got to pay the man a 
certain amount of money for a certain time, but what work is he to 
do in that time, and I think the only way to get at that is to study 
the job—make a time and motion study of it. There are jobs, 
such as bottling milk, which will obviously pay for a very careful 
study. Take a biscuit factory, where the biscuits are packed in 
tins, or in some cases into boxes. That is more or less a similar 
job for all types of biscuits. It will obviously pay to study the 
job carefully so that the girls get the best motions, and avoid 
unnecessary fatigue. Some girls will work at a terrible pace and yet 
will not have any greater output than girls who work steadily with 
the best motions. 

Ag regards the chronocyclograph, that is a method of studying 
fatigue which is very useful. The only thing against it is the 
expense of operation. If you take fatigue tests of several operators 
you can get more definite data. The chief thing one has to consider 
is, will it be adaptable to all operators over which you have to 
spread the type of work which you study. 


Mr. TrusBsHaw: It seems to me that at all the lectures I have 
attended on this subject of motion study, you gentlemen always 
bring in the chocolates, and the biscuits, which are comparatively 
the same type of thing. A girl is packing chocolates, irrespective of 
whether they are caramels or soft centres, all day long, but if you 
take the branch of engineering I am interested in, it is doubtful 
if an operator handles the same article for any length of time, 
possibly not more than one hour or possibly two hours. How does 
motion study apply there ? 

Mr. Witson: In reply to Mr. Trubshaw, I would say that 
certainly on that job it is far more difficult to arrive at such methods 
than on mass production work. The machines, however, that 
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will be used will not remain year in year out exactly the same in 
design. There has got to be some influence at work to change that 
design. It is due to the fact that people think that an improved 
method of arranging the handles, or the type of table to which the 
things are attached is required. That shows that some one has been 
observing the job. Nevertheless, I certainly agree that taking things 
as a whole, it is far more difficult to use motion study on jobs which 
are recurring only about once in six months than on mass production 
work. 

Mr. Wynn: Mr. Wilson has referred to the study of jobs that 
are already in progress. I would like to know what his views are 
in connection with a new design which, we shall assume, has never 
been assembled before. Would he recommend that a special 
department study the job beforehand, and then issue detailed 
instructions as to the way in which it has to be assembled, 
or would he, as I understand he would, issue the job and 
then let them have a run on it, singling out the best operators 
and giving them carte blanche to do it how they like, and 
later proceed to study the best of those operators. For our 
part we find it better to have a process department which handles 
new work first of all, assembles it, studies the operations, and then 
we build up a synthetic study of the way the job should be done. 
Mention has been made of a cinematograph being used to study 
fatigue. I am under the impression that it is used mostly for the 
study of movements and motions at high speeds, and not for the 
study of fatigue. 

Mr. Witson: I entirely agree with Mr. Wynn thst, where 
possible and where it would prove remunerative, it is best to have 
an experimental section. I know of one works that has an experi- 
mental section in which each of the people are skilled workers 
picked from the production departments, and it is definitely found 
that they can develop good methods and provide data concerning 
the cost of the job and the machinery required before it is put into 
production. Many firms find that, after they have worked out a 
job by ordinary estimating, some snag appears, and running through 
their drawings they find they have underestimated the cost, with 
very bad results, of course. 

Mr. H. Fretp: With regard to machine operations it has been 
argued by some time study people that when the rate of pay is 
fixed through time study, the maximum rate of pay should be 
allowed for machine operations because the operator is helpless to 
speed up during that time. Admittedly he may be taking such 
loss as rest allowance, but on the other hand it is not in the power 
of the operator to improve over and above what the machine will 
do. That must be regarded as the maximum output. I should like 
to hear an expression of opinion on the subject of fatigue. which has 
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already been mentioned ; could it be illustrated by minimum and 
maximum figures allowed on certain operations? Are there opera- 
tions which require as much as 50°% allowance for fatigue? Take, 
for instance, the foundry, where the operator pours castings, or 
in the rolling mill where excessively hot metal is handled. What 
kind of fatigue allowances would those things normally seem to need 
from the time study expert? It would seem to the observer that 
they need rather a high fatigue allowance. I cannot see that this 
study which has been prepared offers any allowance to the operator 
on account of the skill which he has used. In the first one it is 
suggested that the skill and effort were average and good. When 
we come to the chocolate study, we find that they were two good 
girls, and skill and effort were both very good, but in deciding the 
amount of time to be allowed for the job, nothing more seems to 
to be allowed to the operator because of this abnormal skill. I 
should like to have some information as to what allowance is made 
after it has been put down on the paper ; what does the time study 
person do to compensate the operator in that respect ? 

Mr. Witson : As regards the variation in machine times, it is 
certainly a case which needs investigation so that the variations 
are accounted for. That variation would probably be accounted 
for by the operator not stopping the machine as soon as the work 
was finished. In any case, working out times in this fashion, one 
is able to raise points such as this which can be definitely gone into 
after the job is finished. 

As regards fatigue on very heavy work, foundry work and such 
work as loading sacks of flour, I think 59% rather high, but I 
have no actual figures on work of this nature. 

I think it was Mr. Taylor, of Bethlehem Steel Company, who 
reduced the size of the shovels his men used so that they did not 
tire themselves out too quickly. The allowance made for skill and 
effort is a point which most people find difficult. I think that to 
make allowance for effort requires a good deal of judgment. For 
instance, at the top of the sheet we get average skill and effort 
good. The difficulty is to transfer that into actual figures. If I 
found the skill and effort poor, I should make some allowance in 
the time to bring it into line with what a good operator, working with 
good effort, could produce. 

The times when working well are illustrated better in the second 
study. Here, effort and skill have only been used as a general 
guide, and have not been taken into account in fixing the rate. 
The study would be turned down for rate-fixing purposes if the 
actual effort had not been at least average or good. 

Mr. Barser: Mr. Wilson has mentioned micromotion study 
up to the point of taking photographs and recording times. I 
would like him to further enlarge, if he would, on how the 
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observer goes about the job of forming the ideal motions after he 
has taken photographs, whether he enlarges them and then records 
some from the still frames, eliminates waste motions and puts them 
together, or in what way he goes about them ? 


Mr. Witson : It depends on how intensively a firm goes in for 
that sort of work. If it can be afforded, it is certainly best to take 
a film of a job and run it through for examination. If you want to 
speed up a job, you must take each frame separately and build 
up an ideal job on that. I do not think there is any other way of 
doing this except to build up the motions as they ought to be, 
eliminating those that are wasteful. Of course, by cutting the 
film and re-making it, you would not get a connected film which 
you could run through. You must take the operations piece by 
piece and work out a method and then photograph it again. 

Mr. F. Harrison : I wonder if we are carrying this rather too 
far. I think that if we take our rates and prices on similar jobs 
that have been done previously and estimate from them. If it is 
done properly the result will not be far out. If you go on to a job 
to fix prices, and watch the operator do a few operations, you 
would probably say: “ Oh, this jig is not right, it takes too long 
to put the component in,” and, probably, it would take a day or 
two putting that jig right. If you watch the operator go through 
the whole series of operations carefully and fix your price, I do 
not think you would get very far away like that. You would time 
all the components individually, but in the end you would arrive 
at a time for the job and fix the price, which should be correct. 

Mr. Witson: As regards the fixing of times by looking at the 
job and taking the overall time of a few of them, it depends on 
the cost of the job to a great extent how far it is permissible. As 
regards leaving the improving of the job to the man on the machine, 
if you get a row of machines with different operators, on which, of 
course, you will get different outputs, they may vary from 100% 
to 150%. There is some reason for that, and it is not necessarily 
due to the fact of the operators having different intelligences. It 
may be due to the fact that they have not learned the right way 
to do it, and I think if you map out a job after using time and 
motion study, you stand a far better chance of getting a motion 
which very nearly approaches the perfect than if you leave it to 
the operator’s judgment. 

As regards the bringing out of new lines, and fixing prices and 
not being very far out, I certainly know that in some cases prices 
have been a long way out. Take, for instance, motor cars, which 
are made at the rate of 100 per week. If you increase the output to, 
say, 1,000 per week, your rates will give you almost certainly very 
much higher earnings. The reason for that, of course, is that the 
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men work harder when work is more abundant and there is less 
hold up of jobs between operations. If you have time study, you 
can see definitely where a hold-up is, and in any case, whether you 
are making 100 per week or 1,000, it should be eliminated. 

Mr. WitrHEerorD: Mr. Wilson, in the course of his remarks, 
stated that if he was about to make a time and motion study of 
a job he would go first to the foreman, and, having ascertained 
which was the best operator, proceed to study him. I suggest that 
it is human nature to be conservative. If you take the best man, 
the one who has made a study of and prides himself on the fact 
that he is the best man on that job, if then you come along, having 
studied the job, and make a further suggestion, I think it quite 
likely that you will meet a certain antagonism which, after all, is 
quite natural. On the other hand, if you take one of the worst 
operators he has nothing to lose by placing himself entirely in your 
hands. You see the operation entirely in the raw, in its first state, 
without any improvements, and, moreover, you have an operator 
who is absolutely pliable and willing to lend himself more easily 
to the suggestions of a more highly trained mind. 

Mr. Witson ; As regards going to the foreman. He will know 
if there is anything that happens in the course of the day, which 
you may not see if you are only there for half an hour. He will 
possibly make comments such as: “‘ We are having a pretty good 
run to-day, plenty of material to go at.’’ If you are not aware of 
these occurrences and put in a rate afterwards, cn which an operator 
does not earn sufficient, you do not know what is the matter: you 
may think you have had excepticnally good times or exception- 
ally quick work ; you cannot place the cause of the hold-ups. As 
regards the best way, it as as well to rely more upon your own 
experience or records to decide what is the best. The foreman 
very often has a preference for certain men, not necessarily due to 
their good work. I would suggest, if you are after the best methcds, 
it is as well to examine the best in existence at the moment, but 
if you are going to improve a job, it is a waste of time to study the 
slowest operator and then improve it until you reach the speed of 
the best operator as you have still to improve further to justify 
what you are doing. As regards the manner in which operators 
take time study, a large amount of it is often done at their request. 

I can definitely state that, in one factory where no rate is set 
without a time study, unless upon data from previous time studies, 
if low earnings are made, operators definitely ask for a fresh time 
study. If there is any argument, which only happens in extreme 
cases, the study is worked through with one of their representatives 
and it is demonstrated to them that the job can be done in a certain 
time. 
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Mr. I. H. Wricut: Mr. Wilson appears to analyse times, and 
Mr. Groocock and his supperters want to watch the man and 
merely take the times for later analysis. They are concerned as to 
whether the man’s movements are natural and easy. It seems to 
me that one of the main factors about Mr. Wilson’s side is that a 
lot of the things he is handling are outside the province of the motion 
studyexpert. They are mechanical factors, such as feeds and speeds. 
Whereas, in respect of the convenience of arrangement of machines 
and material which Mr. Groocock and his supporters want to 
observe, that is the field in which the greatest advantage can be 
secured, both for the operator and the employer. The operator, 
naturally, would like to save wear and tear on his muscles, and any 
reduction of time from the time study will largely be taken from 
the idle or unnecessary movements. 

I would like to ask Mr. Wilson if, in a row of machines not exactly 
of the same make, and with a slight differences in grouping of levers 
and controls, whether there is any really serious difference, if the 
operators are on similar work, or whether the man on the less 
convenient machine makes some kind of attempt to keep pace with 
the operator on the more convenient machine ? 

Then Mr. Wilson said, too, that men tire out more quickly if 
they are put on rather monotonous work, involving constant 
repetition of a small number of movements. I should like to ask 
Mr. Wilson if there has been any attempt made to get over that 
difficulty by changing the work, having a day of one operation 
and a day on another operation of quite another kind, each man 
being more or less skilled on two or three operations and changing 
them about occasionally ? That might reduce the effect of monoteny 
in that case. 

Mr. Wilson mentioned, casually, a thing that is of very great 
importance to me, that is, that speeds and feeds and production 
can only be compared from job to job, if the strength of the piece 
and the possibilities of holding it are alsc comparable. In these 
days, when degrees of accuracy are increasing in every direction, 
we are having to learn again that fine tolerances on work can only 
be obtained when the work will stand the methods necessary to 
get these fine accuracies. In that case, the feed and speed man 
has got to consider the suitability of the job for rapid metal removal. 

I have much pleasure in proposing that a vote of thanks be 
accorded, to Mr. Wilson for the way in which he has presented his 
paper. 

Mr. Witson: As regards the analysis of time and not motion, 
I certainly think that motion study is essential; but the point I 
wish to make is this. By timing a job, say, taking up this glass 
and putting it down again, after twenty or thirty observations and 
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recorded times, I should more easily be able to judge the best way 
of doing it. I have never found this fail. As regards design, it is 
always changing, as machines are still being improved, and I think 
that, if time study men are not actually doing the designing, at 
least the best designers are time and motion study minded. As 
regards the changing of operators on jobs to relieve monotony, 
that certainly would be a very good scheme if it were possible to 
do so with three or four different jobs without any interference to 
production or without increasing the troubles of the management. 
In some factories, particularly with seasonal trades, this is done 
with considerable benefit. 
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MACHINE TOOL DEVELOPMENT. 


Discussion on Paper presented to the Institution, York- 
shire Section, by J. D. Scaife, M.I.PEL., MI.Mech.E., 
A.F.R.Ae.S., Past-President. 


(Paper published Vol. XII, page 369.) 


OL. GEORGE BRAY (Section President) who presided : 

We are indebted to Mr. Scaife for an extremely interesting 

lecture. The most interesting thing of the lot to me was 
the description of the last machine, the photo-sizing machine. 
Mr. Scaife said quite modestly that it created a good deal of inter- 
est at Olympia. As a matter of fact one had actually to fight to 
get on to the stand. 

Capt. L. J. SzrsEANT: The first point that impressed me was 
one of the early slides, the diamond boring head. I should like 
to know down to what sizes that machine could be supplied. The 
slide did not give a dimension. I imagined 3 in. bore down to ? in. 

Mr. SoalFe replied that various sizes could be made as small 
as anything you like up to 6in. diameter. 

Capt. SERJEANT: I would be interested to know the limits of 
application of diamonds for the purpose. Perhaps the author 
could give his views on that matter. We hear a great deal about 
diamond bering, and have even experimented ourselves, but 
frankly we don’t kncw much about it. I was very interested in 
the clear way the author gave us the limitations of direct hydrauli- 
cally operated gear. I should find this of great interest when talk- 
ing to those people who know nothing about it. 

Mr. ScaiFE: The slide was shown as a matter of type. The same 
type can be used for anysize and can be made for any size from 
} in. up to 6 in. or 8 in., depending upon the size of the job. Whether 
a diamond or carbide tool is used, there is a lot of difference of 
opinion on the subject. I think, generally speaking, diamonds are 
used for non-ferrous cutting jobs where a diamond will keep it 
size for a long time and justify its high cost. But in a cast iron job 
diamonds are not very successful. In steel and cast iron generally 
a carbide tool is preferable. 

A MemBer: Mr. Scaife has covered a vast field very adequately 
and in much detail. With regard to variable speed drives, there are 
two questions which might be amplified: (1) The contact of the 
steel ring with the cone appears to be rather limited—probably 
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indicates the formation of flats, and (2) with regard to chip breakers 
on high speed lathes. Mr. Scaife from his experience might be able 
to help some of us in regard to the scope and adaptation of chip 
breakers. In regard to grinding slides—unfortunately the machines 
are not always so accurate as to preclude the advisability of scrap- 
ing subsequently. 

With regard to the question of putting in stator rotor units a 
point which the uninitiated might consider is the ventilation of 
such motors. And then again, there is a point with regard to the 
operation of high speed lathes which Mr. Scaife has omitted—tunnel 
chucks and work guards are very necessary. 

Haynor Drive. Mr. Scaife said the last speaker hit on the very 
point about which I was extremely sceptical myself, that of the 
Haynor drive. Having been a ball bearing manufacturer for ten 
years I am aware of the difficulties which exist, and I realise that 
one single defect in the cone as large as a pin head might ruin the 
whole thing, but I went very carefully into the matter with half a 
dozen people who have used these drives for the past two or three 
years with 100% success. The point is you have a very small 
torque, high speed, you gear down for ordinary usage in a drill- 
ing machine, and I have seen a machine which had been running 
for three years using the drive on end horizontal with a vertical 
axis and the same machine was on show at Olympia, but I did not 
notice it. The question of its life is one which has to be determined 
no doubt, but the drive works beautifully, and is not expensive. 
If it does work, as some of the German users say it does, it is going 
to knock out everything I know. 

Mr. Scaire: I wonder why the speaker objected to ground 
slideways. You have never found any fault with grinding a shaft 
or a hole. Speaking from experience on length of life, I was once 
in touch with some experiments which Archdales made. One was 
a scraped surface, the other a ground surface produced with a 
flat (cylindrical) wheel, a formed wheel, and the other was produced 
by a cupped wheel. After a lengthy period the latter method of 
grinding was more successful for long life. Either method of grind- 
ing is better than scraping, although the cupped wheel method is 
not so quick as the peripheral wheel method. The cupped wheel 
method generates lines on the surface and these act in the way of 
oil grooves, and sometimes the rougher the surface the smoother 
the slide. You can have too smooth a surface and exclude the air. 
Regarding the ventilation of motors, these built-in machines can 
be ventilated just like any other type of motor. Air can be driven 
through them just like in any other type of cooling. Care should 
be taken in the selection of the motor and ventilation should not 
be overlooked. An ordinary machine tool man who did not go into 
the matter with the electrical people would be very foolish. This 
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brings out the point of the need foi getting together on the subject. 
The machine tool maker can get a lot of assistance from the electrical 
motor manufacturers in this direction. I have never seen a chip 
breaker that worked. 

Mp. NurRIsH said that he had talked about the Haynor drive 
on one of the stands at Olympia, and the man on the stand told 
him that 24 h.p. was the present limit of this gear, but he under- 
stood Mr. Scaife to mention 50 h.p. It was admitted that the 
wear on the main driving ring was the principal problem in regard 
to the design of this gear. He questioned the essential soundness of 
present tendencies in applying hydraulic gear to machine tools. 
He considered that many buyers of such plant to-day would regret 
their purchases in a few years’ time, and would find themselves 
saddled with the need for employing a staff of hydraulic engineers 
to keep such tools at work. He also questioned the justification 
for employing tungsten carbide tools on other than long runs of 
identically similar work where the need for altering the form or 
angle of the cutting tool did not arise. He considered that the 
correct choice amongst the several varieties of high grade tool 
steels now available would usually be the more commercial policy, 
and one which would be justified on technical grounds, since such 
tools can be forged and altered in shape as vequined by quick and 
well understood means. 

Mr. Scaire : Regarding the power output of the Haynor drive, 
as at present constructed, I would remind you that the Magdeburg 
lathe (shown at Olympia) was equipped with a 10 h.p. drive— 
presumably the 24 h.p. referred to by Mr. Nurrish may be regarded 
as implying a factor of safety. The point here seems to be that if 
this gear can be made to work in small sizes there should be no 
insuperable difficulties in constructing it for much larger outputs. 
One of the machines using this drive was the new Lindner jig boring 
machine which is perhaps the finest thing of its kind in precision 
machinery. At the Leipzig Fair there was shown a cylindrical 
grinder and several other machine tools equipped with the Haynor 
drive. The makers had been using this system for three years. 

The maintaining of hydraulic machinery should not present any 
such difficulties, since when this system is properly applied pressures 
are low and all working parts are bathed in oil which conduces to 
ideal operating conditions. The important factor is to train one or 
two first class fitters in the special technique of this subject. 
Hydraulic operation can be misapplied and no doubt has been in 
some cases, but it is significant that not a single leading maker of 
grinding machines now relies on mechanically operated traversing 
gear; all are hydraulic. 

Tungsten carbide. In my view the case for tungsten and other 
carbide tools may justifiably be said to be still in the experimental 
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stage, at any rate as regards the majority of British works where 
conditions entail a large amount of jobbing work, or at the most 
batch production as opposed to quantity production. By this 
statement I do not imply that the merits of these hard cutting 
alloys should be left for the other fellow to discover first. Any 
engineer doing this will miss considerable opportunities of cutting 
costs and will find himself unable to machine heat-treated high 
tensile steel pieces without the aid of some kind of carbide cutting 
tool. Such machining operations are commonplace to-day whereas 
as recently as during the war they would have been impossible. 

Mr. MITCHELL mentioned that he had been in touch with Messrs. 
Brown & Sharpe, in America, who had kindly supplied him with 
particulars of their own make of high precision gear wheel oil pump. 
A characteristic curve of this pump showed efficiencies which over 
a considerable range varied between 78 and 82%. Mr. Scaife 
mentioned 70% as an average performance and one would be 
interested to have further remarks on the efficiency aspect of this 
problem. 

Mr. ScaiFE expressed general disbelief in the possibility of pro- 
ducing at a commercial price a sufficiently accurate gear wheel 
type pump to maintain a high initial efficiency over a long working 
life. 

A Visitor asked whether the use of a diamond contact stylus 
did not tend to groove the work in the case of grinding soft materials, 
and inquired how this difficulty, if it existed, could be overcome. 

Mr. Scaife said that in reality there was no such difficulty and 
at the most the diamond stylus, which was extremely highly 
polished, made only a barely discernible polished line on the work. 
It would be clear that the use of a diamond for this application was 
indispensable since it is the hardest known substance available to 
man. On a wide variety of materials ground with the automatic 
pre-sizer as control element there has been no trouble whatever 
caused, by marking the work, since none took place. 

In reply to questions as to applications of the pre-sizer to other 
types of grinding, such as surface grinding and hole grinding, 
Mr. ScaiFe said that this phase of the subject had not been lost 
sight of, but for the present had not yet been specifically attacked. 
It should be understood that the primary function of the apparatus 
was, as its name implied, the pre-determination of size by positive 
control through a light controlled relay mechanism. The versatile 
development of the pre-sizing idea would be a question of demand 
and time for experimental determination. 

A Visitor expressed disappointment that the title of the paper 
had led him to suppose that it would deal exhaustively with the 
tungsten carbide tool problem, whereas the major part of the paper 
had dealt with hydraulic technique applied to machine tools. The 
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speaker asked whether, in practice, experience was available in 
regard to correct type of tipped tools for drilling porcelain enamel 
ware and what would be the running speeds (r.p.m.) for such drills 
on such work. 

Mr. Scaire said that he was asked originally to give this paper 
to the Coventry Section about three years ago, and he did so. In 
reality the two main sub-divisions both constituted in themselves a 
subject matter for a full evening’s discussion. In regard to carbide 
cutting alloys, his object was to draw attention to fundamental 
principles the incorporation of which was indispensable in the 
design of any successful machine using to the full the performances 
which carbide alloys rendered possible. He professed ignorance on 
the subject of drilling ceramic materials, but thought a visitor 
present could throw some light on this matter. Mr. Scaife concluded 
by saying that the grinding of tungsten carbide tools presented its 
own special set of problems. Correct wheels for the particular 
alloy in use were indispensable, and one grade and grit of wheel 
would not suffice for all alloys, the cutting carbides being extremely 
hard (easily cut glass), the wear on grinding wheels is high. Rake 
angles should be much less than when using the commonly known 
types of steel tools, and faces should be ground flat in all cases. 
Dry grinding is detrimental and the tools should never be over- 
heated by too high pressure on the wheel. Reverting to light cell 
control, this was no novelty in general, having been applied in 
various ways as for shutting lift gates, etc., for the past seven years. 
The pre-sizer was a special application of a light cell. 

The chairman thanked the lecturer for a most interesting paper 
and the meeting concluded. 
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ESTIMATING. 


Discussion on Paper presented to the Institution, Western 
Section, by A. Perry-Keene, MJ.P.E. 


(Paper published Vol. XIII, page 635.) 
M". WALLER: I have been intensely interested in the 


lecture, and I must say I feel rather stunned at the figures 

and the op2rations which Mr. Perry-Keene has described. 
I have been wondering if the application of those principles would 
hold good with a small general engineering shop, which does not 
have a lot of repetition work. Would it be possible to introduce 
the system into a shop answering this description? Secondly, 
in view of the statistics which Mr. Perry-Keen introduced towards 
the end of his lecture, I have asked myself whether the time would 
arrive when foreign countries would rise to the standard of the 
Austin works. What will be the position in England if all factories 
arrive at this admirable stage of efficiency ? 

Mr. Perry-KEENE : Provided the turnover and man hours are 
sufficient for it not to be an experimental shop, the same principles 
can be supplied. We are applying the methods that I have de- 
scribed to 249 completely distinct trades : one of them is machine 
tool making. We are commonly making one machine only, and 
never make another one like it. We set down in proper form the 
cost and it comes out to that cost every time. Here are examples. 
A certain firm quoted us £700 odd for a machine of our design for 
centering gears. That is for burnishing gears to one-fourth or one- 
tenth of a thousand. We said £105. We have many of 
these machines at work in our factory, but made by the Austin 
Motor Company, but the other maker would not discuss coming 
down to our fizure. In another line—die making, by which I mean 
large dies, sometimes 12 tons or more. We find we are able 
to make these to a predetermined cost at a figure we cannot get 
any firm to approach so far by nearly 42%. 

Another extremely interesting point. We openly challenged 
toolmakers to make a specified tool at near our cost if they could. 
The papers were to be deposited with an arbitrator. One firm 
accepted and made theirs, and when it came to opening the envelope 
and showing the costs, the competing firm’s were £32 18s. Our 
total cost was £6 8s., which was all laid down first. The reason 
for the difference was this : the competing firm put the job into the 
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hands of one craftsman. We put ours into the hands of 11 
men and incidentally paid three times as much to each while on 
the job as the other firm’s man was paid. 

As far as the danger of a congested market is concerned, there 
is a characteristically British saying, “The more you have the 
more you want.” That is the greatest thing that can prevent a 
closing market. 

I don’t know whether any of you saw a very illuminating letter 
in The Times on “‘ Man and the Machine.” It very clearly brought 
out the question, and used our own national figures in support, and 
this was the answer. The perishing industries (industries. must 
decay) have lost in the last ten years 900,000 people. The young 
and vigorous growing industries have absorbed over 2,000,000. 
That accounts for those amazing figures I gave you just now. Not’ 
only an increase of 70°% in population, but an increased production 
in some cases of over 250%. It is amazing to think that in our 
lifetime we have seen so many new things, such as motor cars, 
aeroplanes, radio, new types of locomotives, and new types of ships. 
We create new markets, and when these die something new springs 
up and takes their place. 

If estimating is correctly carried out there is no reason why all 
firms should not do the same as the Austin Motor Company have 
done. By selling something which was priced at £100 in 1922 for 
£21 to-day, we have been able to make an increasing profit and 
expand our turnover nearly 30 times. Look at the. effect on 
population. We employ 20,000 people. We sub-employ 126,000 
in various firms which furnish supplies. That has far-reaching 
effects such as this. The week before last we issued six acres of 
cow hide for the week’s work in trimming and upholstering cars. 
An order like this is bound to help the leather industry. A final 
summing-up discloses this. Adding back the families of the people 
we employ and sub-employ, it means that we feed, clothe and shelter 
and generally support at least 400,000 souls. 

With regard to the difference in the cost of labour and the work- 
men’s pay packets, the answer is that the quantity a man made at 
the higher labour cost gave him a pay packet of £1 14s. 2d., but the 
quantity he made at the lower cost gave him a pay packet of 
£4 8s. 4d. That is one of the problems of good estimating. You 
have got to reach the larger market by lowering costs. 

Mr. OrGan: It appears to me that with the large number of 
employees and machines in operation in the Austin Works, and the 
fact that the whole departments are divided up into units of time 
energy minutes, there must be a considerable number of minutes 
lost owing to machines not working, break-downs of all descriptions, 
and other causes, which in a large concern such as this should mean 
a considerable loss of time. What does Mr. Perry-Keene do with 
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these lost minutes, and how are they allowed for in their estimates ? 

Mr, PERRY-KEENE : That is a very interesting question, because 
the subject was the cause of the invention of our clock. We were 
bothered with the loss of those minutes. Now, to-day, the actual 
physical losses are about one-third of 1%. How we get over it is 
this. No operator ever touches anything in the way of papers. 
First of all he cannot go into the works unless his machine is ready, 
and the right material is alongside it. The very fact of allowing 
him into the works means that the storekeeper has his material 
alongside his machine. After he starts he has got to turn out so 
much and finish by, say, minute 1,201 on the clock scale. Now 
at 1,201 this is put up to him. “George, go to machine 21, there 
is a job, material, and inspector all ready.’’ This goes on all 
over the works, with the result that the only time lost is that taken 
in going from job to job. The main object of our clock is to ensure 
that the time lost is cut down right to a minimum. 

Mr. WaLLeER : In fixing the prime cost of the car, it is explained 
that the price is controlled by the free market. How do you arrive 
at the free market value for a machine tool where you have not got 
experience to guide you ? 

Mr. Perry-KEENeE: I will tell you. First of all how we arrive 
at the market price in the case of our own cars is this. We have 
approximately 1,000 agents and certain of them give us informa- 
tion as to what is the right sort of car for their particular district. 
Sufficient. of these notifications are made up into a composite 
picture, which gives us an indication that a car will sell at, say, 
£100 or £150. This gives us a definite starting factcer which is dealt 
with on a true actuarial basis upon which to build up a policy of 
production. For machine tools and highly specialised ancillary 
tools we pursue much the same tactics. We determine in the first 
place a maximum cost as though you are going to make a machine 
tool in response to a clear cut demand. Someone has said in effect, 
I will buy that from you. Now it is quite easy to turn that demand 
into time terms from which we get a final figure which says it must 
not cost more than “ X.” 

Mr. Stone: How do you cover the time you take on the various 
designs ? You have a job going through, the designers all working 
on the job, getting out details of the body, chassis, and engine. 
You have also at the same time to design for the future ? 

Mr. PeRRY-KEENE: I mentioned a little time ago that we did 
not deal with one year alone; we always deal in couples in our 
budgetary system, which I have not mentioned so far this evening. 
This control we use is called “ budgetary control”’ for lack of a 
better name. We set out a budget which deals with this and that, 
and it clearly shows for two years’ trading seasons what has been 
estimated. In the budget you will find squared paper setting out 
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curves for everything—the supply of raw material, the supply of 
machine tools which have to be made to line in with the programme 
and alongside the alterations to design catered for in exactly the 
same manner. Designers are rather like artists. I don’t think they 
pay much attention to clocks, and are sometimes rather hard to 
keep up to time and programme. We have had to do this. We say 
that job A must be completed by day X, so that all the material 
can be got ready. We all have to conform to time limits if we 
wish to be successful. 

Mr. Orcan: What percentage of the total cost of the product 
is represented by this organisation ? 

Mr. Perry-KEENnE: I can tell you exactly. In October, 1926, 
the cost of operating the scheme, including the whole of the executive 
side of production, buying, planning, costing, making payments of 
wages, also the necessary jigs and tools, etc., was lls. 2d. per £100 
of net sales. To-day this costs 5s. 4d. for every £100 of net sales. 
I have compared that figure with the leading firms of Great Britain 
and their cost is three times as high, so we have got a long lead. 

Mr. Kenwortuy : I would like to ask our lecturer what is the 
proportion of people engaged purely in organisation as against 
production, and also the proportion engaged on inspection in rela- 
tion to production ? 

Mr. Pzerry-KEenE: With regard to inspection, we believe in 
the inspection of practically every operation. As a rule we do 
inspect operation by operation. It is extraordinarily cheap and a 
reflection of it is a minute scrap account. Coming back to the other 
question of the physical quantities of people engaged. First of all 
we have about 12 to 13 operators to one inspector. With regard 
to the other people, such as time-keepers, and other men and women 
who could be ranked as executive, these are about 2,000 out of 
20,000, which I think you will find less than half of any other 
factory in Europe. 

Here is a very interesting point I worked out in detail. If we 
could get the world’s public out of the habit of calling for changes, 
and they would say, ‘‘ We will accept your standard car exactly 
as it now is for seven years,” we could say “ All right, the price 
will be £55.” That is not quite a free gift, but I think it is getting 
very near it. 

Mr. Rowsotuam (Section President), who presided: I do not 
agree with Mr. Perry-Keene that the price is always dictated by 
the buyer. For the purpose of his paper he has assumed that it is, 
and for his particular product that may be, but some of us are 
not in that enviable, or perhaps unenviable, position. There are 
products in which the price is not dictated by the buyer but by the 
seller, and these are articles in which their technique is so far ahead 
of their competitors that they acquire this position. I suppose in 
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the motor car trade there are very few motor car manufacturers 
who are so placed. 

Mr. Perry-Keene said in his paper that they break down a car 
into its component parts and each part into its operations, and 
that the estimating department say exactly what each operation 
ought to cost and must cost. For an example he took a car whose 
works cost had to come out at £90 in order to give a 10% profit, 
and he quoted, I think, a gear wheel for which two hundred and 
twelve minutes was quoted by a machine tool supplier, and the 
estimate allowed ten minutes only. If there were several such 
items in a model being broken down or a few similar operations 
where the disparity is something of the same order it would appear 
as though estimates and achievement might vary considerably. It 
is almost too good to believe that there may not be one or two 
minute errors in the ten minutes in the example quoted, and such 
errors could total quite an appreciable figure taken over the whole 
car. I rather gather from one statement of the lecturer that each 
part must stand on its own merits and not be offset by other parts. 
It seems incredible that any estimating system can correctly forecast 
times on an entirely new model within, say, one or two minutes 
on each and every operation. 

During the lecture Mr. Perry-Keene said that if the operational 
times rose above those the estimate allowed, new processes or new 
machines were devised whereby the operation in question could be 
reduced to its proper time. If that is so would it not be possible to 
apply the same reasoning to all parts of a particular car and thus 
increase the profit very substantially? In your estimates I should 
like to know, how you allow for writing off a model which fails, 
or a model which may be put out on the market and then develop 
defects, and for the good name of the company you have to redesign 
and reproduce, shall we say, a back axle, and send out several 
hundreds or thousands to replace the defective ones ? 

In the first diagram Mr. Perry-Keene showed very clearly how 
the direct labour figure had fallen enormously from 1914 to 1935. 
If Mr. Perry-Keene has statistics which go over a number of years 
I imagine that a curve could be plotted and that this curve would 
show a flattening out. Perhaps during the first five or six years 
the curve would be pretty steep and show a great reduction in the 
direct labour to produce a certain article, and then during the next 
few years it would tend to flatten out, and later on you would find 
@ year in which it would be horizontal. I imagine that if that reason- 
ing is correct and could be extended to each part you could say 
for a certain type of car what is the ultimate low limit cost. 

I should like to ask, also, in the estimating department staff 
which appears to produce such remarkable results, is the knowledge 
and data used recorded book data for each trade and each operation, 
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or does the estimating staff comprise a number of experts in each 
branch for each section of the works, and in either case what steps 
are taken to ensure that either the book data or the expertsare kept 
up-to-date with modern methods and machines ? 

Mr. Perry-KEENE: This is after my own heart. Plenty of 
questions. With regard to special articles, I quite agree. We do 
them outselves. In discussing points I always try to follow the 
habit of discussing them very broadly, and when I say the market 
dictates the price, I mean the market dictates the price in 99 cases 
out of 100. We make highly specialised cars which cost up to 
£20,000 each, but they do not amount to more than a minute 
proportion of our turnover. The purchasing power of the top market 
in the diagram I showed you comes to about £77,000,000, but if 
we take the purchasing power of the lower groups it comes to 
£800,000,000. 

Now with regard to errors: we all being human there must be 
errors in the best of organisations. We admit that even arithmetic 
is merely approximation, and after fifteen years of this very close 
analysis we are still making 85 changes for the better in one operation 
or another every working day of eight hours. There arise true 
errors which are causing the cost of one operation to surcharge 
its neighbour, but there is only about 4% of the total likely to go 
wrong. We find we are right in at least 96%, of cases, so can concen- 
trate on these “ negatives.” 

With regard to models that fail it would be an entire novelty for 
us to encounter one. Of the 500,000 cars we have put out, we have 
never had a recurring failure. With regard to the plotted curve 
you mention, I can give it in this form. In fourteen years the 
man curve has retired from 55 men to make a car down to six, but 
the quantity curve has gone up from less than 1,000 men employed 
to 20,000 men. That is an example of the success of the time- 
energy theory. 

Our estimating staff has a very interesting history. We have to 
train everyone ourselves, and we have always a large number 
being taught, and we actually absorb approximately 90%. A 
great many of our estimating staff have been taken from this 
source. The leaders of this staff have been with us for a long time 
and we find they do not fail us. If a man does tend to fail in his 
particular line—we have to specialise—our relentless and yet 
extremely friendly method points out in an extremely friendly way, 
“Look here, my lad, you are failing.” It is there we get the full 
effect of ‘‘ approachfulness,” for one and all of his mates will help 
him. Every week for about one hour we have an executive meeting, 
at which any possible difficulties are summarised and immediately 
dealt with. 

Mr. Stone: I should think there must be a loss of time owing 
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to breakdowns, such as bearings seizing, tools breaking, or main 
line shafts failing. How do you cover the loss of time due to these ? 

Mr. Perry-Keene: All our machine tools and facilities—there 
are 10,000 of them including processes—are put up in what we call 
“* packs.”” We have a large wall which depicts the whole of the works 
area, and shows every machine in its proper position, and gives on a 
master card its prospective life and money value and history. You 
can go to our tool room and you will find a number of the smaller 
machines ready for replacement against accidents, and on things 
like presses we keep in stock any part that is reasonably liable 
to failure. With regard to heavy things of which we cannot keep a 
stock, we have a night and day expert repair squad who deal quickly 
with any real breakdown. If it is a serious one that will take a day 
or two, the work is thrown on to one of the other machines at night. 
Most of our work is done by daylight operation, so that we have 
always been able to make up any shortage. Also on every section that 
is of importance we always keep a balancing pool of say a day or 
so of output. Then in addition we have a dinner time squad or 
night squad going round every machine trying to anticipate trouble. 
T have not told you yet, but the pay of our people works out as 
follows. The average age of all works employees works out at 
thirty-four years. The mean union rate for this is 33s. 8d. but 
the average pay packet they get away with each Friday night is 
90s. Now you cannot do that sort of thing without something 
else coming to the front. Every one of these men or women is 
naturally helping his or her neighbour: operator 1 obviously 
feeds machine 2. The consequence is the whole crowd have 
an interest in seeing their machines are in perfect order. They 
will tell the machine squad if anything looks likely to go wrong. 
This is a tremendous safeguard against the points you raise. 

Mr. Orcan: After deciding that the cost of a car is to be a 
certain figure in order to make the requisite amount of profit, 
based on the fixed selling price of the car, in the event of material 
values rising as a result of a rising market, it may eventually be 
found that the material is costing probably two or three pounds 
per car more than what was allowed in the estimate. Does that 
mean that the estimating department has to get busy and rearrange 
their estimates and adjust this by cutting down their shop times ? 
How do they rearrange their estimates to allow for this amount of 
contingency ?¢ 

Mr. PerryY-KEENE: We tackle it on the time-energy basis. We 
tell everyone of our suppliers exactly the same sort of thing we tell 
ourselves. We are able to say “ That is the fixed price for twelve 
months,’ but we have also done this—we have gone into the 
suppliers’ own works and made it that figure. There have been 
plenty of cases where they have said it cannot be done, and we 
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have said we will show you, and we have done it. 

Mr. Attwoop: Are jigs and tools treated in the same way as 
machines ? Do you keep spares in stock for failures or breakdowns ? 

Mr. PERRY-KEENE: Yes. We keep an ample supply of all small 
jigs, and we do the same thing with ancillary tools as well. Even 
with such a thing as a multiple head, we may even keep a complete 
head where it is very important, because it is obvious that in a 
place like ours any break in synchronisation might be disastrous. 
So we measure the liability to breakdown, and we either have a 
few spindles or gears or even the whole head. For every class of 
tool we always keep a very ample supply. We find that we can 
make three for the price of one bought in America, so it does not cost 
any more. 

Mr. WALLER: What procedure is adopted at the year end re- 
garding stock-taking? Is this a physical inventory ‘ 

Mr. Perry-KEENE: Our mechanical analysis system balances 
our stock each day, and our machines set this out every morning 
to each buyer. They say, “ You are on the mark,” “ You are three 
o’clock or nine o’clock, plus or minus,”’ so that every buyer knows 
every day the exact position of the stocks he is buying. That deals 
with the balance of stock, and to see that the book figures agree with 
the stock we have a continual check carried out by an audit staff. 
To safeguard such a position as damaged goods (which may arise), 
we take a physical stock each year. 

Mr. Rowsotuam: We should now like Mr. Peery-Keene to accept 
our very best thanks for his lecture this evening. I think it has 
been most interesting and a proof of what can be done by very 
careful analysis and very careful estimating, and I think some of 
the results must have seemed marvellous to everyone here. 
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MODERN FOUNDRY PRODUCTION 
METHODS. 


Discussion on Paper presented to the Institution, Eastern 
Counties Section, by J. J. Sheehan, A.R.C.Sc.I. 


(Paper published Vol. XIII, page 527.) 


R. JEWSON : In opening the discussion, I may say that 
M I am not clear how semi-phosphorus pig iron would affect 
the design of the pattern, and how it would affect pro- 
cedure in the foundry. I should like a little more information as 
to the possibility of such semi-phosphorus iron. I gather it had to 
be poured at a higher temperature. I would like some information 
about that. What are the first steps you would take in a small 
foundry ? You can analyse all incoming material without a lot 
of capital expenditure, you can have a certain amount of runways 
in a small foundry, and you can control the mixture content and 
there are a few simple tests you can carry out to control the quality 
of the product. 

Mr. SHEEHAN: The whole idea of low phosphorus iron is that 
it is a quick setting iron. If you had a large section and a thin one 
near it, the thin one settles all round the large one, and the large 
one has nowhere to draw from, and it draws from itself, leaving 
a cavity in the casting. In semi-phosphorus iron and low phos- 
phorus iron, the heavy and thin sections set relatively together so 
that the big one cannot draw on itself. The methods I outlined 
can readily be applied to small foundries. The same methods can 
be applied to large and small outputs with satisfactory results, in 
either it is a matter of control. If you are melting 30 tons a day, 
one or two chemists are justified. You must have control. 

Mr. Ricuman: As a foundryman I found the lecture very 
interesting. On the matter of the excuses for bad castings, there 
is a very big element of truth in some of these. The human element 
plays a big part in the foundry. One trouble in producing castings 
is the machine shop and tool room can get a gauge and check a 
job. We have no gauge in the foundry, no means of telling whether 
a casting will be a good one or not. As regards what we have seen 
on the slides, it makes one wonder if you get any bad castings. 
The number of separate castings you make is limited. My experience 
has been in foundries where you have thousands of different types 
of castings, and hundreds of problems. As regards the cylinder 
block you were showing us, I cannot quite see how it is possible to 
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make a good cylinder block with 3.5% of carbon. I cannot imagine 
any cylinder block being good over 3.2% carbon. I have been in 
a good many foundries, mechanised and otherwise, and in my 
opinion the best castings are not made in mechanised foundries. I 
have yet to be convinced that a mechanised foundry in this country 
is absolutely successful—semi-mechanised yes—but not absolutely 
mechanised. On the foundry layout I did not see an electric weld- 
ing plant, which I presume is a regular part of the foundry plant 
we have seen. In a number of foundries if a casting has to be 
welded it is looked upon as a “ bodged”’ job. 

Mr. SHEEHAN: Mr. Richman stressed the point of the human 
element and very justly so. I have seen both modern and hand 
foundries. We have been making castings in this country since 
the time of the Romans. They were not making castings in quantity 
in America until the recent mass production development. We have 
had generations and generations of skilled men making castings 
in “a hole in the ground.” America started where we left off. 
Foundrymen should have all the advantages of modern science and 
technology. 

There is a lot of control which can be introduced into a jobbing 
foundry. The pattern making must be accurate, the sand must 
be suitable for the type of work. You must control the metal. 
Dull metal shovld never go on the floor. It should be tested by 
pyrometer or fluidity test. There should be control all the time 
in the jobbing foundry. 

There are mechanised plants now making the best cylinder blocks 
in the world. The V.8 cylinder block with crankcase attached, 
eight cylinders, four each side, is cast with the crankcase on it. 
They are turned out at the rate of 4,700 per day, and the scrap is 
about 2%. 

I do not like an electric welding plant. If I want to do any 
welding I prefer oxy-acetylene. 

Mr. Ayton: I have been extremely interested in this paper, 
and particularly interested in the interchange between Mr. Sheehan 
and Mr. Richman. 

I think in regard to the manufacture of cylinder blocks I rather 
lean to the opinion expressed by Mr. Richman. I think it is a fact 
that since mass production of cars was instituted, and the recent 
times when these mass producers took to casting the crankcase 
in one with the cylinder, we have got to the state when you do not 
get the cylinder wear that we used to get previously. I do not 
think from what I have heard from different people, that with the 
cylinder block cast integral with the crankcase you can ever get 
such a really good job as you do with the cylinder block cast separ- 
ately. 

Obviously motor manufacturers—those who manufacture on a 
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big scale—have to cater for a public which wants a cheap car, and 
the buyers must be content with something less good in this respect 
than if they went_in for cars produced in small numbers. 

There is a question I would like to ask Mr. Sheehan concerning 
an interesting matter I read about the Ford plant at Detroit. That 
is, the cast crankshaft. I understand they have introduced the 
cast crankshaft for the V.8 at Detroit, and claim to get less wear 
on the journals than with the previous steel crankshaft, and to 
reduce the machining operations. If Mr. Sheehan has any informa- 
tion on that point it would be interesting. I would also like to ask 
if Mr. Sheehan has had any experience with permanent moulds for 
cast iron. 

Mr. SHEEHAN: Mr. Ayton is another unbeliever. The mass 
productions of cylinders, I think, has resulted in a much better 
cylinder. It must be remembered that piston speeds have largely 
increased, and at the same time you are getting more efficiency 
from your engines. The British Motor Manufacturers’ Association 
put a large amount of cylinder wear down to starting up with a 
cold engine, moisture and sulphur from the petrol collecting in 
the cylinder walls and wearing them away. Experiments with upper 
cylinder lubrication are continuing as a precaution against this. 

The methods of manufacture of the cast crankshaft referred to 
were confidential. 

If you want a particular job with a permanent mould casting, 
it means a good deal of die work. The scrap from it is rather high. 
A good deal of the first iron is used in warming up the mould. 
The castings are white when knocked out, and must be heat treated 
before machining. This is an added expense. It is very hard to 
beat the “ hole in the ground.’’ Sand moulds lend themselves more 
readily to a variety of shapes. 

Mr. Brazier: There is one point I would like to inquire about, 
and that is the cupola with the electric furnace at the bottom. 
Is that used for refined metal? With regard to the casting you had 
on the screen of the cylinder blocks and the crankcase, were they 
cast by rotary furnace or cupola furnace? There was also a very 
interesting arrangement for cooling castings. I should like to know 
the time taken from the pouring of the metal until the castings are 
ready for the final dressing, and also was there a current of air 
forced through the shop or just the natural draught? I should 
also be glad to know if you could give us any satisfactory methods 
of welding cast iron work which has to stand pressure. 

Mr. SHEEHAN: The electric furnace I illustrated is not in opera- 
tion anywhere. It is something I am hoping for as a result of 
encouraging production engineers. It is particularly well to note 
that superheating cast iron has the effect of refining the iron. The 


584 











a we i? 


omwny wy NS SS owe 





MODERN FOUNDRY PRODUCTION METHODS 


graphite is of a finer structure. Something similar is being done 
in some of the high production foundries. 

There is the duplexing process. Cast iron from the cupola is 
poured into an electric furnace and superheated. Three furnaces 
are used. First charging up, second getting up the heat, third 
pouring. 

The castings I illustrated were made direct from the cupola. 
It is possible with the control I have indicated to get metal very 
much quicker than you could with a rotary furnace. You get a 
higher heat if you get the right type of coke. There is no need 
for a forced draught in cooling the castings. The usual cooling time 
is two hours before they are fit to handle. 

There are recent developments in welding by modern methods. 
One development I am investigating is using an innoculant on 
the weld in the form of a flux. 

Mr. Carrick: In a sand recovery plant for a foundry, I was 
wondering what quantity of new sand would be used in mass 
production. 

Mr. SHEEHAN: It depends on the production required, and if 
you are using large quantities of sand. If you are using anything 
like 5 tons per day it might justify a sand recovery system. If 
you require up to 10 to 12 tons, there is no doubt about it. There 
is no necessity to use any new sand. 

Mr. WEBSTER : You have mentioned about foundry control more 
or less from the metal point, but from the point of wear of pattern 
and core boxes I would like some information. 

Mr. SHEEHAN : Control should be employed over every depart- 
ment in the foundry. You control your core shop equipment by 
regular inspection and division of labour. A very convenient 
division of labour is to have pattern makers responsible for a par- 
ticular model, and these pattern makers are responsible for dimen- 
sional trouble should they arise. They inspect daily as a routine 
the core boxes and see that the core plates have not warped and that 
the jigs and gauges in use in the moulding section are true to the 
master gauge. 

A pattern maker is a good man for controlling moulding machines, 
and a millwright for the conveyors to see that they are working 
and synchronising properly. This is important because if the metal 
conveyor breaks down everything is held up. 

Mr. WEBSTER : How often do you check a pattern? Once a day 
or once a week, or how frequently ? 

Mr. SHEEHAN : We check it once an hour. Everything must be 
tabulated and synchronised. The Metal Department must know 
the number to be made, otherwise there might be too little or too 
much metal in the cupola, and so on. Once your system is intro- 
duced the checks are automatic. 
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Mr. Francis : As a metallurgist I should like to make one or two 
remarks. Mr. Richman said he did not think you could make a 
very good cylinder block with 3.5% carbon. Well, as a matter 
of fact, I remember reading some time ago a very able paper by 
Mr. Frank Hudson, and he recommended 3.5% total carbon as 
something ideal for catings such as cylinders that had to stand 
hydraulic pressure. Nowadays it is of course quite possible to 
produce cast-iron with a tensile strength in the neighbourhood of 
20 tons sq. in. or even more. I do think high duty metal is some- 
times overemphasised for the general run of work, because when you 
get these lower total carbon mixtures which are asked for high test 
work there is a great deal more trouble due to shrinkage. In pro- 
ducing a satisfactory mixture for any type of work it must always 
be largely a question of compromise, because if you adjust to suit 
one condition you have probably made it worse for some other 
condition. 

Mr. SHEEHAN : [ agree that a tensile of 20 tons is obtainable now 
but not always desirable. A cylinder block has very little to do 
except hold water, and have the piston moving up and down inside. 
You do not want 20 tons or more for a job like that. I do not think 
there is a g2neral application of this high strength cast-iron except 
for special purposes. 

Mr. Carrick : Mr. Sheehan has described how to get ideal con- 
ditions in the cupola, and on the chart he showed a mechanical 
charger. I am wondering if it is possible to get ideal conditions 
with a mechanical charger, and what could be done to hold the lay 
of the metal in the right place. 

Mr. SHEEHAN: The mechanical charger is a very debatable 
question, almost enough for another paper. There are difficulties 
in handling the metal itself, and it is difficult to place your charge. 
The best type is the drop bottom type. There is some possibility 
of the charge being positioned on top of the last charge. For 
accurate positioning most foundries still have hand charging, and 
they are justified in their choice. If you go very carefully into 
charging of the cupola I think you will find hand charging is 
suitable where positioning is most required. 

The discussion was closed by Mr. Geottrey Wood, who expressed 
to Mr. Sheehan the thanks and appreciation of the meeting for his 
lecture. Mr. Sheehan suitably responded. 
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IMPROVEMENTS IN WORM GEAR 
MANUFACTURE. 


Discussion on Paper presented to the Institution, Southern 
Section, by H. Walker, B.Sc., A.MJ.A.E. 


(Paper published Vol. XIV, page 72.) 


4g AJOR STANFIELD (Section President, who presided) . 
M I should like to know whether anything has been done 
in the way of making these grinding machines sizematic 

or gaugematic or whether that is in any way possible. And also how 
far it is necessary to trim your grinding wheel. I should also like to 
know whether it is possible to have on the ordinary type of involute 
cutter a land without in any way interfering or materially interfering 
with the form of your worm, and also whether any experiments have 
been made in grinding teeth in worm wheels. We are told now by 
most of these machine tool manufacturers that you can remove 
stock more easily by grinding than by cutting and I do not know 
whether any experiments have been made by your firm. One other 
thing. Have you considered practical experiments of the running 
maximum at which you can efficiently run up to in worm gearing in 
order to maintain the normal efficiency which you have spoken of ¢ 
Mr. WALKER: The maximum running speed of worm gears 
which are operating successfully in practice is one corresponding to a 
peripheral speed on the worm of about 12,000 ft. per minute. There 
seems to be no reason. however why this should not be exceeded 
and there is no doubt ‘hat if there were a demand for a higher speed, 
worm gears could be made to fulfil this demand. I do not think 
it is practicable to grind the teeth in a worm wheel because it 
would be a very difficult proposition to produce a hob in the form 
of a grinder and also if one tried to grind a bronze wheel there 
would be left some portions of abrasive matter embedded in the 
bronze which would act detrimentally on the running of the gears. 
With regard to trimming the grinding wheel, this operation only 
occupies a few seconds and is carried out at intervals on the discre- 
tion of the operator of the machine. Usually two or three worms 
can be finished before trueing the wheel. It it not practicable to 
have a land on an ordinary rotary cutter. The principle of the 
A. E. C. hob is that when the teeth with lands begin to operate, the 
worm wheel has already been finished practically to size, and if there 
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were any appreciable amount of metal to be removed the teeth 
would rub instead of cut. 

Mr. Mitzs: This built up type of hob is relieved on the sides of 
the teeth. Does this mean that the outside diameter of the teeth 
follows a true circle, and if so does this cause any interference with 
accurate cutting? Also there is a roughing hob of the normal 
type preceding the built up hob. Is this radially relieved, and is 
the feed parallel to the axis of the hob ? 

Mr. WALKER: With regard to the side relieved hob, the outside 
diameter of the hob is radially relieved, but it does not affect the 
cutting of the worm wheel for the reason that after sharpening that 
type of hob, the actual effect is that it reduces the running clearance 
between the worm and the wheel. It is the usual practice in using 
this type of hob, to increase the initial clearances between the top 
of the worm thread and the root of the worm wheel teeth so that 
the effect of grinding the gashes of the double row cutter is simply 
to reduce the clearance between the top of the worm thread and the 
root of the worm wheel teeth. If the relief angle were 8-10° on the 
outside diameter of the hob, the hob would last for a sufficient life 
to enable it to be ground back to about half the width of teeth of 
the hob, without leaving the root clearance in the wheel too small. 
With regard to the roughing hob of the double row cutter. The 
roughing hob is usually made radially relieved because as it is 
simply a roughing hob it does not matter whether it cuts the teeth 
.01 or .02 in. thin and consequently this reduction is not very im- 
portant, and in my experience of using these double row cutters 
in conjunction with a roughing hob the best method is to make the 
roughing portions in the usual manner of an ordinary radially re- 
lieved hob. The feed is parallel to the axis of the hob. 

Winc-CoMMANDER CavVE : The lecturer stated that the maximum 
pitch line speed for the worm was about 12,000 ft. per minute. It 
would be interesting to know exactly what sets this limitation. 
In a petrol engine the maximum safe speed is limited by the 
inertia forces on the moving parts. In a worm gear the motion 
appears to be regular and continuous so that inertia forces appear 
unimportant. Unless it is clearly known what is the factor which 
limits the safe speed, it seems very desirable to test one of these 
high efficiency worm gears to determine exactly what difficulty 
arises as the speed is increased and also what margin of safety 
there is above the speed adopted in practice. It appears probable 
that even at very high speed and loading a worm gear will be 
silent because of the manner in which the contact surfaces approach 
each other. Will the lecturer say what is the source of noise, if 
any ? 

Mr. WaLKER: The principal factor which causes noise in a pair 
of worm gears is the inaccuracy in the production of the gears. 
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There are many sources of inaccuracy, one of the principal sources 
being the hob for the worm wheel, but there are others, such as the 
inaccuracy in the pitch of the worm and the divide of the worm, 
all of which contribute to noise in the worm gears. Still another 
source of noise is the fact that the user of worm gears does not always 
provide a gear case housing which is sufficiently rigid to withstand 
the load imposed on the gear. The motor car manufacturers 
provide a very light aluminium or duralumin case for housing the 
worm gears, and it is a source of dissatisfaction to the worm gear 
manufacturer when, after he has carefully made his worms and 
wheels, the user puts them in a case which is not sufficiently rigid 
to withstand the loads imposed. Efficiency and noise also depend 
upon the angle of the worm gear. If the worm gear has an angle of 
45-50° efficiency is very high. If, on the other hand, the worm 
gear has an angle of only 15-20° efficiency can be very low but at the 
same time the gears will run very quietly. For instance, when a 
ratio of 60 or even more is required, although efficiency may be as 
low as 80%, the silence of such gears can be of a very high standard. 

Regarding the question of accuracy of manufacture of the gears in 
relation to the lead angle. My opinion is the higher the lead angle 
the more difficult it is for the worm gear manufacturer to produce 
silent worm gears. With a ratio of 1 : 1 it is easier to make gears 
silent than those with a ratio of 60: 1. 

With regard to the maximum running speed of 12,000 ft. per 
minute, this represents the highest speed which I know of in 
practice. There is, however, no known limit to speed of worm gears, 
and it is probable that twice the above speed would be practicable 
on a correctly designed and accurate worm gear. If the allowable 
load is reduced as the speed increases, the limit will be reached 
when inertia stresses due to inaccuracies of the gears cause fatigue 
failure. It is difficult for the worm gear manufacturers to determine 
this limit to speed because several days, or even weeks, running in 
a laboratory would not be sufficient to determine whether, for in- 
stance, a gear would run at similar speed day and night for several 
years, as it is called upon to do in the case of auxiliary drives for 
turbines. 

Mr. BuTLER: What governs the type of lubrication for worm 
gears ? 

Mr. WaLKER: It depends a good deal on the purpose to which 
the gears are to be put. If the gear is running at a high temperature, 
a heavy cylinder oil gives the best all round results and will lubricate 
satisfactorily at running temperatures of about 180°F. Such oils 
are liable to cause comparatively high churning losses, and if, 
therefore, the load is not heavy and the temperature not high, a 
lighter oil may be used with less churning loss. Considered from 
the point of view of efficiency, a castor base oil gives the best 
results. 


589 











THE INSTITUTION OF PRODUCTION ENGINEEFS 


MaJor STANFIELD : I assume those are heavy cylinder oils with 
a high viscosity at a fairly low temperature. 

Mr. WaLKER: Yes, but in practice the viscosity appears to bear 
very little relation to the lubricating properties so far as worm gears 
are concerned. Oils with similar viscosity curves do not necessarily 
give similar results when applied to worm gears. 

Major STANFIELD: In the experiments you made in materials 
have you found anything that makes better mating than bronze 
on steel ? 

Mr. WALKER : No, there are of course different qualities of bronze 
which can be used in worm wheels but a good quality bronze and 
a hardened and ground steel worm are the best possible materials 
that can be obtained for most classes of work. A soft worm is 
suitable for moderate loads, but it won’t withstand the same load 
that a hardened worm will. At high speeds and light loads a soft 
worm appears to give equal results to a hardened worm. 

Mr. F. WaLKER: In the double row hob for finishing do you 
still gash with the washer between or without the washer and then 
finish by grinding ? 

Mr. WALKER: The two halves of the hob are gashed and made 
alike, except for the position of the keyway in relation to the 
threads. The position of the keyway is determined such that the 
threads on the two halves are in correct helical continuity when 
the spacing washer is inserted. 

Mr. F. WaLKER: Does one side of the hob tooth cut one face 
of the worm wheel tooth, and the other the other ? 

Mr. WALKER: Yes, if the teeth are made initially to the same 
thickness as the worm thread then it must cut on both sides of the 
tooth at first, but after the hob has been sharpened then you have 
got to reduce the washer to bring the two halves closer together, 
and cutting takes place on one side of each half only. 

Mr. Mitzs: The methods of manufacturing worm gears as ex- 
plained this evening apply particularly to worms with a parallel 
pitch diameter. Could these methods be applied to the type of 
worm gear which has a constantly varying pitch diameter such as 
the Lanchester Daimler type ? The method of manufacturing hobs 
for this type is very expensive. 

Mr. WALKER: The methods described refer to the parallel type 
of worm only. The hollow type is much more difficult to manu- 
facture and is little used nowadays on that account. Moreover, the 
load capacity of the hollow worm is not equal to that of the parallel 
worm, so that there is no point in attempting to manufacture 
them. The mounting of a hollow worm requires to be more accurate 
than that of a parallel worm. The combination of these disadvan- 
tages results in the hollow worm gear being more noisy and less 
efficient than the parallel worm. 
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MODERN HEAT TREATMENT. 


Discussion on Paper presented to the Institution, Southern 
Section, by H. Toplis, A.M.I.Mech.E. 


(Paper published Vol. XII, page 335.) 
R. A. BUNDEY : In the case of a piece of carbon steel 
M of high percentage carbon which has been overheated 
in the furnace, what would you suggest as the best heat 
treatment to restore its original state ? 

Mr. Toptis:: I take it that you mean overheating and not burn- 
ing. I think the best thing you can do is to take the steel up to a 
temperature slightly higher than the overheating temperature and 
cool on the floor. Then heat to its ordinary hardening temperature, 
and after holding at that temperature for a little while, cool out on 
the floor. Follow this by normal treatment afterwards. This 
treatment will probably be successful if the overheating has not 
been sufficient to cause actual burning, which, of course, entirely 
ruins the steel. 

Mr. 8. Townroe: What in your experience is the most satis- 
factory type of furnace—gas, electric, or oil? From the point of 
view of manageability gas furnaces seem to be the most popular 
kind. 

Mr. Topiis: There are so many factors in connection with 
furnaces that it is almost impossible to say. An electric furnace 
with temperature control is perhaps the easiest to manage, but 
gas furnaces are now fitted with these controls. If economics are 
taken into consideration, an efficient gas furnace may be the best, 
but here again the price of gas and electricity in your district is a 
determining factor. The only reservation I make, however, is 
that for carburising, a gas furnace usually gives quicker heating 
up than electric. But you have asked a qustion in a very general 
sense that can only be answered specifically for a particular opera- 
tion of heat treatment. 

Mr. E. Force: You gave the comparative efficiency of five 
carburising compounds. Could you give me an idea of the com- 
parative values of a mixture made up of charcoal and leather and 
bone ? 

- Mr. Topiis : The comparison may not be so different for the first 
heat. The percentage of wood charcoal is perhaps the main differ- 
ence between modern compounds and those of forty years ago. 
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The penetration from charcoal and leather mixtures is generally 
greater than from purely bone compounds. In bone there is a 
very low total carbon content, and consequently a much larger 
amount of new material has to be added for repeating properties. 
I have in mind a test now being carried on with a proprietary 
energised wood charcoal mixture which is being tried out “ to 
death.” That is, a box is taken—filled with compound—and test 
pieces introduced and given a carburising heat. This is repeated 
time and time again, but with no additions of new carburising 
material to the old. Up to date 15 heats have been made, and 
there is little serious commercial difference in the case depths 
from first to last, there being less than 20% variation. This is 
an energised wood charcoal mixture, and you will find that the bone 
and leather mixtures are not so efficient in repeating properties. 


Mr. J. =. Butter: In a case when a thin box is permissible, 
would you say that stainless steel is a suitable material ? 


Mr. Top tis : In my experience over a number of years I find that 
chromium materials without nickel are not generally satisfactory. 
The better quality high nickel chrome alloys are, however, quite 
satisfactory, and I think you can take it that the more expensive 
the material—that is the less the amount of iron in the alloy—the 
better. I am speaking, of course, of castings! For sheet boxes 
lower percentages are, of course, used, but ordinary stainless steel 
does not contain the percentage of nickel necessary to give the 
best possible heat resisting properties, and I have not had such 
good results as with sheet containing higher nickel contents. 


Mr. J. Ratcuirre : I have a stainless steel box in my laboratory 
which cost £14, and has been used only 16 times, and another 
of heat resisting alloy which cost 8s. 6d. per lb. twenty years ago, 
and is still in use. 

Mr. Toptis : There are, as Mr. Ratcliffe said, boxes going to-day 
that were made twenty years ago, and these are practically iron free. 
We once tried a high chromium alloy-nickel free, and it was very 
disappointing. It was almost impossible to get clean castings. 
To answer the question specifically I have not had the results 
with stainless that I have had with the usual high nickel chrome 
alloys in sheet form. 

Mr. F. WaLKER: How would you say that metallising would 
improve steel boxes ? 

Mr. Topuis : The results are very conflicting, and it is not easy 
to express a general opinion as the furnace conditions are an im- 
portant and variable factor. I have not found calorising or metallis- 
ing so good as heat resisting nickel chrome alloys. They give the 
best results however in efficient gas or electric furnaces. 
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Mr. F. WaLKER: What heat treatment would you recommend 
for high nickel steels which have become work hardened, and would 
these harden up again ? 

Mr. Top.is : You are referring to Austenitic steels which work- 
harden. These must be taken up to 1050°C., and then quenched 
in order to anneal successfully. If you again cold work this type 
of steel it may of course harden up again, and you might have to 
reanneal! Yes—drilling may work—harden the material in the 
vicinity of the hole. 

Mr. C. CritcHFIELD: I have seen cases where considerable 
trouble has been experienced with big end bolts made from 3% 
nickel steel .35 carbon. Could you recommend a suitable heat 
treatment ? 

Mr. Toptis : If it is a fatigue failure you must increase the tensile 
strength of the bolt, and you will get a better result by using nickel 
chrome instead of nickel steel. This must be oil hardened at 
820-840°C., and then tempered at the temperature necessary to 
give the strength and physical properties required. At what 
temperature do you now quench, and what tensile strength do you 
obtain ? 

Mr. CRITCHFIELD : It is quenched from 600°C. in oil and then 
tempered, giving a tensile strength of about 23 to 30 tons. 

Mr. Toptis : I am afraid that does not come under the heading 
of a heat treatment for this steel. You must heat the steel up to 
840°C. or so, and quench into oil. The 600°C. treatment is simply 
for tempering, and the tensile strength you have given only comes 
within the limits of ordinary mild steel. What are the dimensions 
of the bolts ? 

Mr.CRITCHFIELD : 1# in. dia., 12 in. long. 

Mr. Topuis: I think you must be under a misapprehension 
regarding the temperatures ; with this steel properly heat treated 
you should get from 5C to 70 tons tensile varying with the temper- 
ing temperature after hardening. 

Mr. F. WALKER : Could you tell me anything about the nitriding 
treatment of mild steel ? 

Mr. Toptis: I am afraid I cannct say very much about it, at 
least not from my own experience, as it is a proprietary process. 
A great deal was expected from its use at’ one time, but I do think 
that the results have entirely justified the claims, although it has 
certain advantages. In order to get the best results special alu- 
minium chromium steels are necessary, for whilst mild steel may be 
hardened by the nitriding process the special steels are necessary 
to obtain really satisfactory results. It is certainly used consider- 
ably for special components. 
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THE INSTITUTION OF PRODUCTION ENGINEERS 


THE ALLOCATION AND CONTROL OF 
OVERHEADS. 


Discussion on Paper presented to the Institution, Western 
Section, by 7’. G. Rose, M.1I.P.E., MJI.Mech.E. 


(Paper published Vol. XIII, page 190.) 


R. ROWBOTHAM (Section President) who presided : 
M I think the paper we have just heard is one of the most 
interesting that could have been put before this or any 
other section of the Institution of Production Engineers. It is 
all the m re interesting because Mr. Rese has not dealt with it in 
an acad.mic manner. He explained that he dealt with it from the 
point of view of his own experience and a paper of this sort which 
is evolved from the speaker’s personal experience is all the more 
valuable, and I shall be pleasantly surprised if we have another 
paper which appeals to me as much as this one. 

Mr. WALLER: Mr. Rose has told us how he would analyse the 
various items of non-productive expense, and how he would tabu- 
late thim tur comparison purposes. Undoubtedly, these analysed 
statistics must be uf inestimable benefit to the works manager, 
but my experience has been that—as Mr. Rose points out—the 
works mvnager has not t_me to go into these statistics very thor- 
oughly. Hijh-spots perhaps he can deal with, but I find generally 
speaking, the increase in overheads is not a question of one or 
two high spots, but a gradual creeping up of many small items 
hardly noticeable in themselves, but which in the aggregate do have 
a serious effect on overhead charges. It has always secmed to me 
that in a large engineering establishment there is room for what 
I might term a “shop expense department.’’ Some years ago I 
was in the service of an Am ‘rican firm who had such a department, 
but I m sorry to say that although the theory of the department was 
all right, it did not function properly in practice. 

I would have the department staffed with two or three reliable 
people—technical if you wi h—whose job it would be to watch 
overhead expenses, and do that which the works manager has not 
time to do himself. They would have to be “ physicians” not 
“coroners,” and have the full backing of the management. Their 
reports should be given serious consideration, and if their recom- 
mendations are considered fair and reasonable, they should be 
put into effect ruthlessly. Needless to say the people chosen for 
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this work would have to be exceedingly tactful and should go all 
out to gain the reputation of giving a fair and unbiased opinion. 
I would make this department responsible for compiling budgets 
for each department—a proposal contained in Mr. Rose’s paper 
which I fully endorse. If the statistics as described by Mr. Rose 
have been kept for a few months it should be possible to arrive at 
the cost of running any department under varying conditions of acti- 
vity. For instance, the capacity of a shop is, say, 59 workmen. 
The fixed expenses are presumably known. The fluctuating charges 
could be estimated on past figures in accordance with the rise or 
fall in employment. We will say such a shop of 5) workpeople 
run to capacity would cost £500 a month to run. With 40 people 
it would cost, say, £450, and so on. These budgets should be pre- 
pared in free consultation with the foreman concerned. For the 
first two or three months the budget figure should be regarded 
as a try out. Then when a final figure is agreed, I should like to 
see the foreman benefit by whatever saving he has been able to 
make on the overhead charges. In other words a system of payment 
by results. Who knows, the reason for an expense investigation 
department might entirely disappear. I have mentioned these 
points in an endeavour to carry the control of charges a little farther 
than Mr. Rose has done. No doubt there are many obstacles to 
overcome, but in putting this forward as an item for discussion I 
trust I have not wasted the time of the assembly. 

Mr. Hatt: I should have liked to have heard how Mr. Rose 
would allocate his costs in a general engineering works. I gather 
from his figures that it is all right for mass production or for a big 
factory doing repetition work, but I cannot see how one could 
allocate the overheads in this way for a small general engineering 
works where you have one article and have to fix a selling price 
and arrive at the cost to see whether you can repeat at that price, 
or increase it. I can understand keeping charts such as he suggests 
in a mass production factory to see how your figures go up and 
down, but I do not quite see how you could do this in a small 
general engineering shop. Perhaps Mr. Rose could give me some 
elementary figure of cost accepted as being sound. It is in some 
businesses, I believe, usual to double wages plus material and add 
a percentage. I do not know whether he has had any experience 
of this sort of thing. 

Mr. Orcan: I desire to ask Mr. Rose a question in connection 
with the fixing of selling prices respecting the application of what 
could be termed a selling overhead, this overhead to represent the 
normal overhead of the factory obtained from a set of work’s 
accounts, as has been explained to-night. It is invariably found 
that when large works are slack these accounts produce a largely 
increasing overhead expense, and if an attempt is made to apply 
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the increased overhead to estimated costs, the selling price, based 
upon such a figure, becomes prohibitive, and the work quoted for 
is invariably lost. It appears evident to me that when getting out 
and compiling selling prices, or prices to be tendered for new work, 
the overhead should be representative of the normal factory con- 
ditions. Although the overhead charges may be abnormally high, 
the application of a normal overhead when fixing prices, may result 
in the tender price being successful, and the additional activities 
brought in with the increased work in the shops, will eventually 
reduce the overheads to more normal conditions as the employ- 
ment in the factory increases. I feel that in all such cases the normal 
overhead figure should be used. 

Mr. Hicerns: Does Mr. Rose consider that a cost accountant 
should confine himself entirely to matters of accountancy, or 
should he dabble in works problems? I recently heard a paper 
read in which the speaker referred to a company where the cost 
accountant dictates to the works exactly what the various parts 
should cost. 

Mr. Rose: I assume that the lecture mentioned by Mr. Higgins 
was delivered by Mr. Perry-Keene, and refers to current practice 
at the Austin works. It is always difficult to discuss management 
methods in terms of Austin practice because Mr. Perry Keen is a 
genius and has achieved remarkable results due to his personal 
talents. 

Mr. WescomBE : | thoroughly recommend production engineers 
to consider with all seriousness the importance of having the factory 
oncost clearly defined. 

At our works we were up against some very great difficulties a 
short time ago in this respect, because our production varied so 
considerably over small and large air compressors as well as the 
variety of models. Several people had endeavoured to decide a 
true fixed basic charge, but to-day I can assure you it is very 
comforting to realise that the question is being dealt with in so 
logical a manner. 

Mr. Gover : I should like to endorse the remarks made by my 
colleague, Mr. Wescombe, as there is no doubt that when the costs 
of a company are charted or dealt with in some other way, even in 
a small concern, it is much easier to keep one’s finger on fluctuations. 
I remember at a works in Birkenhead we used to get special costs 
through every week. The total was not very large, sometimes 
under £10, and I found it impossible to satisfy myself without sing- 
ling out the various items and analysing each. The various shops 
would have small amounts debited to them each week or suppliers 
would send in defective steel castings, time upon which had to be 
accounted for as in certain instances, and we found it cheaper in 
the end to stand the cost ourselves than argue about it involving 
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time and expense in letter writing, and maybe late final delivery 
if the castings were returned for correction. These extras also 
included pattern shop errors, i.e., insufficient machining allowances 
or in some instances too much material to remove (I am speaking 
of castings involving a grinding operation). Machine men occasion- 
ally misread a blue print, involving a new part being made, 
accidental damages in final erection, etc. I had the many items 
summarised and then sent each foreman concerned a detailed 
statement showing where his department had increased the costs ; 
I found that by keeping at them and pinning them down, so my 
extra costs were reduced. 

Mr. Orean : I am in full agreement that overhead charge items 
should be allocated in the way Mr. Rose suggests and as shown us 
to-night, but I feel, after some experience in this class of work, that 
although the accounts and figures may balance correctly, it is 
doubtful whether or not the figures represent a true allocation. 
It must be borne in mind that the fundamental basis for accurate 
allocation of works accounts is correct booking and charging of 
times and materials in the factory itself. I have often seen alloca- 
tions of works costs and charges which have looked exceedingly 
suspicious. I am pleased Mr. Rose mentioned the machine rate 
recovery for shops, especially where engaged on mass production, 
because I think this is the only true way in which certain items of 
shop expense can be correctly allocated. In the same manner 
overhead charges should be applied on hand labour by the unit of 
the hour. It is evident that overhead expenses should be applied 
on time, and not on actual wages paid to operators, because the 
various rates and classifications of labour employed eventually 
give a very misleading recovery figure not truly representative of 
actual facts, and resulting in very misleading total costs. 

Mr. WaLLeER : It might interest the audience and the previous 
speaker to hear that I had an experience similar to that described 
in a very large factory. Our normal overhead was 80% but due to 
slackness of trade this was very much increased. I arranged for a 
“reserved expenses account” and we transferred the abnormal 
amount of the overheads to that. 

Mr. Kenwortuy : A point referred to by Mr. Rose struck me as 
being of particular interest, that is, the issuing of indirect material. 
He suggests that this should be limited by the actual issue from 
stores, by means of a monthly allocation of cost per each depart- 
ment being given to the storekeeper. When the month’s allocation 
is completed, there is to be no further issuing for that particular 
month. I wonder how this works in actual practice. One can 
imagine that on occasions the allocations are completed before the 
end of the month, and the lack of issues may cause serious delay, 
and display of temper. One presumes that the idea is for the store- 
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keeper to spread his cost over the month and if any heavy calls 
are made early in the period to issue warnings to those concerned. 
No doubt a system of this nature has many good features, as. the 
waste of indirect material is often very considerable, and is not 
given the consideration it deserves. 

Mr. Rowsotuam : I was very glad right at the outset to see 
Mr. Rose had adopted a nomenclature and called certain items by 
certain names in overheads, oncosts, and establishment charges. 
As he told you, these terms are frequently applied very loosely and 
people say one thing when they mean another, and I am very glad 
to see Mr. Rose is a protagonist of correct nomenclature. 

With regard to indirect or direct material or labour, I wonder 
whether the speaker would give his views on certain services that 
may be classed on one side or the other. In certain cases you may 
get parts which call for machining operations and fitting operations, 
and heat-treatment or some chemical or plating process. With 
regard to the machining or fitting these parts can be dealt with as 
batches, whereas in the other processes such as heat-treatment, 
plating, etc., they are dealt with in batches mixed with other parts. 
Has Mr. Rose any views as to whether these operations should be 
treated as an indirect or direct charge? We have had some dis- 
cussion on this subject at one particular works, and looking at it 
from one point of view, it would seem easier to class it as an indirect 
charge and put it with overheads. 

Mr. Rose referred to the use of a “ normal” for various charges. 
I think the fixing of this is probably one of the most difficult things. 
Mr. Waller, who was the first speaker, has prepared and is con- 
tinuously working on a vast amount of data connected with over- 
heads, and I think Mr. Waller will agree that the application (or 
rather the determination of this normal) is one of the greatest 
difficulties. Some of this data is easy to understand and easy to 
apply, other items of it are very difficult because there are so many 
factors to take into consideration and the normal seems to be 
subject to all sorts of circumstances. 

Mr. Rose: You have certainly put a very interesting series of 
questions. I should first like to thank Mr. Waller for his remarks, 
and. I am very glad, to note that he and I are in agreement on so 
many points. With regard to the difficulty of keeping a grip on 
what is going on, I would suggest that the best way of doing this 
is by means of simple charts. The rising or falling of a line or 
bar is very much easier to follow than a schedule of figures. More- 
over, when charts are used, it is possible to draw a red line across 
at some normal point and then, when the charts are made up 
each week or month by an assistant, only those which are above 
or below the normal need be looked, at. In this manner, track can 
be kept of the “ black sheep,’ without time being wasted in study- 
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ing the items which are going on satisfactorily. This is work 
which can be very well carried out by a young fellow fresh from 
a secondary school or college, and would form a useful part of his 
engineering training. 

Mr. Waller spoke of budgeting and the control that can be ob- 
tained by setting out beforehand what should occur, rather than 
merely recording what has occurred, after the event. It may interest 
you to know that I assist in the preparation of a monthly forecast 
in connection with a colliery undertaking. The tonnage of coal 
to be raised is known ; the average sale price to be obtained for the 
various grades sold is fixed by the managing director; and there 
are 14 budget estimates to make in connection with expendi- 
ture, all based on the tonnage to be raised. These are read off 
from a series of standard charts, and on the last occasion the fore- 
cast of profit was 2% wrong at the end of the month. This is a 
good example of what can be done by management which acts 
beforehand instead of afterwards. There are methods available 
to-day by which a man who controls any undertaking can know 
within very close limits exactly how his concern is going on. 

Mr. Daniels mentioned the difficulty of obtaining records in a 
small factory. This is certainly true, since, in the small factory, 
there is very little staff available for statistical work ; but direct 
labour and direct material must always be recorded, and I know 
of quite small factories which get out a monthly Statement of 
Account on the lines of that which I have just shown you. With 
regard to the question of oncosts in a general engineering works, 
I have found that these appear to run out at about 120°, of the 
direct labour. Naturally, circumstances differ in different concerns, 
but for a general all-round engineering works, 120°, seems to be 
fairly common. When a figure less than this is mentioned, one 
generally finds on investigation that certain items which should 
properly be considered, as factory oncosts have been left out, and 
brought in later in the company’s accounts. 

Mr. Hatt: I think your figure is quite average. I believe 
during the War the Ministry of Munitions allowed 140%. How 
much of the 120% would you allocate to machining and how much 
to fitting? I should think on machining alone it would be more 
like 200% ? How would you work out the machine hour rate ? 

Mr. Rose: To obtain a machine hour rate, it is necessary to 
estimate the normal oncosts of the factory at normal output and 
then to allocate those oncosts to the various sections of the factory 
on some agreed basis. Power, lighting, heating, depreciation on 
plant and machinery, and so forth, must all be included, and since 
there are so many machine hours and. so many vice hours available, 
by a process of division one arrives at the cost per hour of using 
each machine or vice. 
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To allocate oncosts on a machine hour basis is the only really sound 
method. Allocating oncosts by a percentage on direct labour 
leads to obvious errors. The machine hour rate method is best, 
since it is as applicable to a small firm as it is to a large one, the 
difficulty being, as a general rule, that no one has the time in a 
small factory to work out the rates. With regard to the Austin 
methods, mentioned by Mr. Higgins, it is a fact that they have a 
battery of punched-card accounting machines working on a night 
shift and the whole of the cards for the previous day’s work are 
gone through in the night. In this way, the costs for one day’s 
work are available on the following morning. As I said before, 
the Austin methods are almost unique, and there is no doubt that 
the extraordinary finanical recovery made by the company is due 
to a great extent to their cost control management methods. 

The President spoke about the definition of direct and indirect 
material. It is usual to consider direct material as being that 
which forms part of the job delivered to the customer. There 
are, however, border-line cases in which it is difficult to say whether 
certain material which is used, in production, should be considered 
as direct or indirect. In the case of a brick factory, for instance, 
it is a matter for discussion whether the coal used to heat the 
kilns should be considered as direct or indirect material. 

Personally, I consider that when a border-line case arises, it is 
not of very great importance which decision is taken, so long as 


it is always kept in the same category in drawing up the monthly 
statements. Since management is based upon comparison, the 
principal thing is to be able to compare results, and find out whether 
the cost of manufacture is going up or down; and whether the 
prime cost of the job is 20°, or 40%, of the selling price is immaterial 
for control purposes, provided that it is possible to watch whether 
that percentage is getting greater or getting less. 








